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THEORIES OF INTELLIGENCE* 


By L. L. THURSTONE 


THE UNIVERSITY OF 


Every one of us judges daily the in- 
telligence of other people, and occasion- 
ally we even estimate our own. It is a 
touchy matter, for we would rather have 
our integrity put to question than our 
intelligence, and yet the fact is no doubt 
venerally acknowledged that intellectual 
endowment is unevenly distributed in 
the population, that some men are 
brighter than others. 

The nature of human intelligence has 
been a problem for centuries. Until 
about sixty or seventy years ago this 
problem was discussed entirely at the 
verbal and speculative level. A _ pre- 
experimental history of this subject 
would reveal a great deal of speculation 
in which we would find much ingenuity 
and insight. It would be an unstable 
euide for scientific work, however, be- 
cause here as in other prescientific specu- 
lation there was more error than fruitful 
insight. 

The first sustained attempt in modern 
times to appraise the intelligence of indi- 
viduals as distinguished from examina- 
tions for scholarship or proficiency can 
be eredited to Sir Francis Galton (1822- 
1911). He attempted by experimental 
methods to ascertain the differences 
among persons as to their mental endow- 
ment as distinguished from the estima- 
tion of proficiency. In 1885 he started a 

*This paper was read before the Chicago 
Literary Club on February 12, 1945. 
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laboratory in London where early at- 
tempts were actually made to appraise 
individual differences. At that time 
Galton limited himself mostly to sensory 
and perceptual functions, which were 
not successful as indices of intelligence. 
Many investigations have been made to 
ascertain the relation between various 
sensory functions and human intelli- 
gence, and the findings have been defi- 
nitely negative. In a later paragraph I 
shall return to the sensory functions in 
their dynamic aspects. 

The problem was next tackled in some 
extensive children. 
These studies were motivated by the hy- 
pothesis that differential rates of prog- 
ress of children in the schools were due 
largely to differences in mental endow- 
ment and that children should be elassi- 
fied for school work according to some 
index of intelligence. This problem 
ealled for an estimate of the mental 
alertness of each child which should be 


studies of school 


based on evidence as far as possible inde- 
pendent of formal school progress. It 
was recognized, of course, that a child’s 
determined 
partly by native endowment and partly 
by motivational conditions in his home 
and school environment. The indepen- 
dent appraisal of a child’s mental endow- 
ment wouid be successful to the extent 
that the effects of nature and nurture 
could be analytically separated. 


school progress was only 
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The best known among the early meth- 
ods of appraisal was the Binet test. The 
Each child 
was asked a number of questions over a 
fairly wide range of content. The ques- 
tions were intended to reveal the child’s 
ability to solve simple problems with 
content that was drawn from his en- 
vironment. Much of the Binet test de- 
pended on the assumption that, other 
things being equal, a bright child would 
gather more generally available facts 
and ideas about his environment than his 
less-gifted classmates. Each problem or 
test item was given to children of differ- 
ent ages, and it was experimentally de- 
termined at what age one could expect 
a half or two-thirds of the children to do 


plan of this test was simple. 


the task correctly. The Binet tests have 
been translated into many languages. 


For each translation it has been neces- 
sary to modify the content in order to 
adapt the test to cultural differences. 

The total performance of a child on a 
Binet test is stated in terms of his so- 
called mental age. A mental age of 10 
years, for example, represents merely the 
average performance of 10-year-old chil- 
dren and similarly for the rest of the 
scale. If a child attains a mental age of 
10 and if he is actually 8 years old then 
he is two years accelerated. Children are 
frequently described in this way as to 
their degree of mental acceleration or 
retardation, and this classification is of 
practical value in the schools. 

It has been found that there is a rea- 
sonably good correspondence between the 
degree of acceleration and retardation of 
a child and his school progress, but it 
must not be that this corre- 
spondence is perfect. The correspon- 
dence is, however, sufficiently close to 
make the test appraisal of considerable 
value in dealing not only with groups of 
children but also with individual prob- 
lem eases. For example, when a child 
fails to participate in a class he is ordi- 
narily judged to be lacking either in 


assumed 
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ability or in motivation. If it is found 
by the Binet test that he is accelerated 
in intelligence his poor performance may 
actually be attributed to boredom. By 
advancing such a child he is put in a situ- 
ation that is sufficiently challenging for 
him, and he may again hold his own. 
Unfortunately, this is the exceptional 
type of case. 

When we examine the nature of the 
Binet test as to the content of each ques- 
tion we find that it isa hodgepodge. We 
find questions about vocabulary, others 
about simple arithmetic problems, puz- 
zles of various kinds, simple reasoning 
problems, and the interpretation of prov 
erbs. One of the ways in which a child’s 
performance is analyzed is to study what 
is called scatter. Some children hold 
their own in all types of items, while oth- 
ers go much higher in one type of item 
than in other types. It is to be expected 
that some children will be accelerated in 
vocabulary, for example, and retarded 
in numerical thinking, or versa. 
This phenomenon of scatter in the per- 
formance on general intelligence tests is 
indicative of the fact that intelligence is 
a complex rather than a single trait. 
But in spite of the crudeness of the Binet 
test and other similar tests of general in- 
telligence they have been of great prac- 
tical importance in the schools. 

We turn now to a later stage in the 
history of this problem, namely, the ana- 
lysis of actual test performances. If two 
tests of intelligence are given to a group 
of people you might expect that those 
who excel in one of the tests would excel 
in the other test. This would be the case 
if the two tests were measures of the 
same trait and if the results were other- 
wise unaffected by experimental error. 
The degree of association between two 
variables is represented in statistical 
work by the coefficient of correlation. 
This is a numerical index which takes 
possible values between +1 and —1. If 
two measures have a correlation of +1 
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there is perfect association between them 
and accordingly all the individuals in the 
experiment would be arranged in exactly 
the same order by both tests. If the 
correlation is —1 then there is perfect 
inverse relation, and the top man on one 
test is the lowest man on the other test. 
If the correlation is 0 then there is no 
discernible correspondence between the 
two measures. They are then just as in- 
dependent as if both sets of numbers had 
been obtained by tossing coins. Correla- 
tional theory was started by Galton in a 
more or less descriptive manner, and it 
has been very highly developed by the 
mathematical statisticians. As an ex- 
ample of the meaning of correlation we 
might consider the well-known associa- 
tion between height and weight. Men 
who are tall also tend to be heavier than 
those who are short, but the association 
is of course not perfect. If we were to 
compute a correlation for height and 
weight of a random sample of several 
hundred adult men, we should find that 
the correlation is about +0.5. Correla- 
tion theory is involved in the application 
of statistical methods to a variety of 
problems, and some of these methods are 
also applicable to the present problem. 

At the beginning of the century quite 
a number of studies were made to deter- 
mine this quantitative index of associa- 
tion between abilities to do different 
kinds of tasks, and it was soon found 
that the correlations between various 
tests that were supposed to be indices of 
general intelligence were far from per- 
fect. Two inferences were drawn from 
these simple observations. First, it was 
concluded that no test is in any sense a 
pure measure of the postulated general 
intelligence and, second, that an appre- 
clable part of a test performance is sub- 
ject to fortuitous experimental error. 
At this time there also began to be con- 
siderable speculation as to whether gen- 
eral intelligence could be postulated as 
a single general function. The alterna- 
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de- 


tive to consider intelligence 
complex of many distinet abilities. 
third which 
fenders is that intelligence is determined 
by thousands of that function 
without any pattern or groupings. 

It was in 1904 that the British 
chologist Spearman wrote a simple but 
epoch-making paper on the relations 
for groups of psychological tests that had 
been given to the same individuals. He 
found that under certain circumstances, 
which he specified, these correlations did 
indicate the existence of what he called 
a single intellective factor which he de- 
noted by the letter G. This 
starting point for a series of lively con- 
troversies which are still current in more 
modern form in the British and Ameri- 
ean psychological journals, forty years 


Was 


possibility has some 


factors 


psy- 


was the 


after Spearman’s provocative paper. 
Until about 1930 the central theme in 
these controversies was nearly always the 
question whether Spearman’s general 
intellective factor did exist. 
recognized that even with the best avail- 
able controls the postulated general intel- 
lective ability of Spearman was inade- 


It was soon 


quate to account for observed relations 
It was found 
necessary to acknowledge the existence 
of other abilities in addition to a general 


among experimental tests. 


intellective factor, but these were fre- 
quently referred to as disturbers of the 
fundamental relations of Spearman. 
During this time there was general ac- 
ceptance of special abilities in addition 
to the factor G. The main scientific in- 
terest, however, was directed at the ques- 
tion whether general intelligence should 
be postulated in addition to the special 
abilities which disturbed the simple rela- 
tions of Spearman’s hypothesis. 

In 1930 investigations were begun with 
a different emphasis. Instead of asking 
whether the 
relations among the abilities, represented 


experimentally observed 
by a series of tasks, could be accounted 


for by a single intellective factor, the 
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question was asked how many factors or 
abilities were implied by the observed 
relations. It was then left as a question 
of fact whether one or more of the abili- 
ties that were identified might turn out 
to be more general or central in character 
than the other abilities. For any given 
set of tasks that were given experimen- 
tally to a group of several hundred peo- 
ple the question was then to determine 
how many abilities were represented by 
these tasks and, further, to identify the 
nature of these abilities. Before the 
analysis of such experimental data could 
be undertaken it was necessary to extend 
the earlier methods of Spearman for a 
single factor to the m dimensional case 
for any number of factors. This work 
has progressed for a number of years 
with the assistance of some British and 
American mathematicians and physicists 
who have taken an interest in the formal 
aspects of the problem. During the past 


ten years the methods so far developed 
have been applied to experimental data 
with findings that are of both theoretical 
and general interest. 

The first major experiment with the 


new m dimensional methods of factor 
analysis was started in 1934. A battery 
of 56 psychological tests was designed 
especially for this study. These tests 
were devised so as to represent a wide 
variety of tasks which had been repre- 
sented in previous studies of intelligence. 
Included in this battery were tests which 
ealled for verbal comprehension, verbal 
reasoning, various types of fluency, 
speed in simple numerical work, quanti- 
tative reasoning, various forms of induc- 
tion, verbal, visual, and auditory asso- 
ciations, visualizing flat figures and solid 
objects, various forms of abstraction 
with verbal, numerical, and visual mate- 
rial, reasoning about mechanical move- 
ments, and memory for different types of 
eontent. This battery of 56 tests was 
given to several hundred student volun- 
teers, requiring about 15 hours of work 
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for each subject. When the records had 
been assembled the correlation was deter- 
mined for each pair of tests in the whole 
battery. This required the calculation 
of about 1,600 coefficients of correlation. 
For each pair of tests the correlation tells 
us the extent to which those who succeed 
in one task tend to succeed in the other. 

It is an old observation about intel- 
lectual tasks of all kinds that the corre- 
lations are all positive. If two widely 
divergent mental tasks are considered, 
the correlation between them may be low 
but the association is always positive. In 
fact no negative correlations have ever 
been found for intellectual tasks. There 
is a rather common misconception about 
these relations. It is not infrequently 
asserted that those who are superior in 
one intellectual task are somehow in- 
ferior in some other intellectual task. 
Among students such an impression is 
not uncommon as regards linguistie and 
scientific abilities. The fact is that no 
negative correlations for performance in 
school subjects or in intellectual tests 
have ever been found. 

A large table of correlations among 
these 56 tests constituted the starting 
point for a multiple-factor analysis with 
the new nm dimensional methods for the 
purpose of discovering how many abili- 
ties must be postulated in order to ac- 
count for the observed correlations. It 
was found that 12 factors were sufficient 
to account for these relations among the 
56 tests. Those who are mathematically 
inclined may be interested to know that 
the rank of the matrix of correlations is 
the number of linearly independent fac- 
tors that must be postulated. 

It is a curious circumstance that in the 
multiple-factor methods one ean deter- 
mine the number of factors involved in a 
set of experimental tasks before the na- 
ture of these factors is known. The next 
problem is to determine just what these 
factors or abilities are like. Here we 
come to an interesting indeterminacy the 











nature of which can be represented in 
simple form in a two-dimensional dia- 
eram. If we plot a number of points on 
a diagram we ordinarily assume that the 
x and y axes are given. In the factor 
problem the configuration of points is 
given, and it remains for us to insert the 
x and y axes. These axes represent the 
abilities or factors, and the problem is 
to locate them in a configuration so as 
to give scientifically fruitful interpreta- 
tion of the test relations. If we are deal- 
ing with a number of points on an ordi- 
nary diagram and if these points arrange 
themselves in two streaks from the ori- 
gin, then the location of the two axes 
can be easily chosen by simple inspection 
in such a way as to give the most parsi- 
monious interpretation. In dealing with 
an n dimensional configuration it is nee- 
essary to do these simple things analyti- 
cally because unfortunately we cannot 
make physical models in more than three 
dimensions. If it were possible to make 
12 dimensional models so that we could 
look at them, then the factor problem 
would be quite simple. Since we are liv- 
ing in three-dimensional space and since 
the factor problem involves relations 
among many more factors or abilities, it 
is necessary to handle the problem ana- 
lytically, but the principle is funda- 
mentally the same as in the two-dimen- 
sional diagram. 

In choosing a set of 12 reference abili- 
ties for the experiment with the 56 tests 
we adopted what we have called the 
simple structure principle, the nature of 
which can be explained without refer- 
ence to its mathematical form. Let us 
suppose that there are distinguishable 
mental functions in overt performance 
which are caused by physically differ- 
entiable functions in the organism. It 
is not necessary to postulate that each 
mental ability is represented by a sepa- 
rate organ or that it has a locus in the 
nervous system. Some mental abilities 
may be so determined while others may 
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conceivably be accounted for physically 
in terms of parameters of the system as 
a whole. This is a question about which 
the factorial methods make no assump- 
tion whatever. All that we are doing is 
examining the overt performances of 
several hundred people in a wide variety 
of tasks to determine how many differ- 
entiable functions must exist in order to 
produce their observed differences. Let 
us suppose that there are differentiable 
functions such as number facility, one or 
more types of memory, one or more kinds 
of verbal ability, facility in visualizing, 
facility in auditory imagery, and so on. 
Let us assume that these abilities operate 
to produce the performance in each test. 
Now it would certainly be very unlikely 
that all these abilities would participate 
equally in every one of the tests. If we 
knew what these abilities were and if we 
were asked to assemble 50 psychological 
tests of different kinds so that every test 
would call for every one of the mental 
abilities we should probably find it im- 
possible to design such tests. In assem- 
bling the tests that are feasible and that 
represent intellectual functions of va- 
rious kinds we are probably necessarily 
featuring some of these abilities in each 
task, while other abilities are almost ab- 
sent. If there is an ability that is char- 
acterized by facility to deal with num- 
bers, for example, then such an ability 
would not be called for in doing verbal 
tasks or visualizing tasks which have no 
numerical or quantitative aspect. Facil- 
ity in auditory imagery, for example, 
would surely be absent in the visualizing 
tasks. The selection of a set of funda- 
mental reference abilities is then the 
problem of choosing these abilities so as 
to simplify as far as possible our compre- 
hension of each of the tests. We account 
then for each test by the smallest possible 
number of abilities. This is the simple 
structure principle which can also be 
stated in geometrical form. The geo- 
metrie analogue for this principle is to 
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locate the x and y axes and all the other 
axes according to the most simplifying 
planes in the configuration of test 
vectors. 

Applying this principle that we have 
salled simple structure we find that some 
of the abilities stand out rather clearly 
and can be easily interpreted. In ex- 
ploratory studies we always find some 
factors whose interpretation is obscure. 
It is encouraging, however, that when ex- 
periments are carried out on groups of 
people who differ in age and education 
and with new sets of tests we have suc- 
ceeded in identifying the same basic 
mental abilities. It is this kind of in- 
variance which makes the search en- 
ecouraging. It has been found also that 
factors which are obscure in an experi- 
mental study become clarified in subse- 
quent studies with tests that are es- 
pecially designed to investigate each 
domain. 


When the analytical results have been 
obtained the final interpretation consists 
in discovering the nature of the ability 
that has been shown to be present in one 
group of tests and absent in the other 
Sometimes we have rival hypoth- 
eses about the nature of an ability which 


tests. 
has been shown to exist. Fortunately 
such questions can be resolved as ques- 
tions of fact, and so we are not depen- 
dent on debating-society methods for set- 
tling such questions. We proceed then 
to design new tests which are crucially 
differentiating for rival hypotheses about 
the nature of a factor. The new tests go 
into the next factorial experiment, and 
we can then usually discover which of 
We must 


sometimes 


the two hypotheses is correct. 
acknowledge, however, that 
the subsequent factorial study shows that 
both hypotheses were wrong. Such a 
situation simply means that we must 
guess again. 

We turn next to a brief description of 
each of the mental abilities that have 
been identified so far. 
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One of the abilities that have appeared 
very clearly in a number of independent 
investigations is the ability to visualize 
solid objects. This ability is known as 
the space factor and it is denoted by the 
letter S. It represents the ability to 
visualize flat figures or solid objects. As 
far as we can determine at present this 
factor covers figures in flat space and 
solid objects in three dimensions. At 
first we were prepared to find separate 
factors for these two types of thinking. 
This space factor is not new. It is un- 
doubtedly the same visualizing ability 
that was described by Galton in his in- 
formal studies of imagery types. He dif- 
ferentiated between visual and auditory 
types. In any audience of educated men 
there will be a considerable proportion 
who rather dislike tasks that require 
visualizing and others who depend on it 
as their principal medium of thinking. 
We are dealing here with differences 
among persons in the readiness with 
which they manipulate different types of 
imagery. A man’s style of writing and 
his preferred methods of exposition are 
likely to reveal his preferred imagery. 

A number of tests are available which 
give fairly good indices of the space fac- 
tor S, and their application in employ- 
ment. selection and in student counseling 
seems rather self-evident. For example, 
if a boy is a poor visualizer as deter- 
mined by these tests it is a safe bet that 
he will not be happy as an apprentice in 
a drafting room, and it is also equally 
safe to predict that he will not enjoy de- 
seriptive geometry and similar subjects. 
It is known that the space-factor is 
heavily involved in mechanical aptitude, 
but it is only one of the components in 
mechanical aptitude. 

Another factor that is quite easily 
identified has been called the number 
factor N. This is represented by facility 
in doing simple numerical tasks, but it 
must not be inferred that this factor is 
heavily involved in arithmetical reason- 
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ing or in mathematics. One should not 
be surprised to find some very competent 
mathematicians who are not high in the 
number factor N. On the other hand, 
one should expect to find a good cashier 
or bookkeeper to have facility in this fac- 
tor. Arithmetical reasoning, which is 
represented by the familiar statement 
problems in arithmetic, involves a num- 
ber of other factors often more important 
than number facility VN. In designating 
this factor as concerned with numerical 
thinking we have been puzzled about a 
closely related problem. If we are here 
dealing with differences in native endow- 
ment, then it has seemed to us that each 
factor should be described in terms of 
the kinds of thinking and imagery rather 
than in such terms as number which is 
a cultural concept. Attempts have been 
made to interpret this factor in some 
more fundamental form. Eventually, 
when the nature of this factor is more 
completely understood, it may be pos- 
sible to appraise it by tests which are 
nonnumerical in character. It might 
then be merely a historical accident that 
the factor was identified in tests that hap- 
pened to be numerical in character. On 
the other hand, there is a possibility that 
there exists a distinguishable mental 
ability which is definitely related to 
numerical thinking as such. These are 
questions for the future to answer. 

One of the socially most important 
factors that have been identified is called 
verbal comprehension V. It represents 
facility in dealing with verbal concepts. 
It is represented rather well by tests of 
vocabulary or tests of verbal reasoning, 
as in the interpretation of proverbs or 
the comprehension of difficult prose. 
Our educational system is built around 
this medium, and consequently those in- 
dividuals are generally judged to be in- 
tellectually retarded who are deficient in 
verbal facility even though their other 
intellectual powers may be exceptional. 

Investigations that have been com- 
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pleted thus far have revealed the ex- 
istence of three or four verbal factors, but 
only two of them are at present under- 
stood. In addition to the important 
verbal comprehension factor V there has 
been identified another verbal factor 
which has been called word fluency W. 
At first it was difficult to see just why 
which both verbal, 
should nevertheless be so clearly sepa- 
Closer 


+ 
t 
ce 
i 


these factors, are 
rated in the factorial analysis. 
examination of the tests by which these 
were identified re- 
vealed an interesting difference. The 
tests which are heavily saturated with 
the factor W have this 
characteristic in common that the indi- 
vidual must produce his own 
words in a restricted context, 
the verbal-comprehension factor V_ re- 
understand the verbal 
A simple 


two verbal factors 


word-fluency 


subject 
whereas 


quires that he 
material that is given to him. 
test for the word-fluency factor is to ask 
to write, for example, as 
names as he ean think of in 
The nature of the 


the subject 
many boys’ 
two or three minutes. 
task can be varied considerably with the 
same results. The subjects might be 
asked to write a list of things to eat and 
drink. The subject who is gifted in word 
fluency will keep on writing, whereas a 
person who does not have this kind of 
fluency will write perhaps a dozen words 
and then have a block. With some en- 
couragement he may proceed with an- 
other spurt, and after a few seconds he 
will have another block. two 
verbal abilities are distinct in the sense 
that a man may be verbally fluent even 
though he has a limited vocabulary, and 


mi 
hese 


another may have an extensive vocabu- 
lary and be capable of profound verbal 
comprehension even though he is not 
verbally fluent. The social and eduea- 
tional implications of these differences 
are self-evident. 

When reading a Weisen- 
berg and McBride on aphasia I became 
interested in the verbal tasks that some 


treatise by 
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of the patients could do and the other 
verbal tasks they could not do. The dif- 
ferentiation between these two types of 
verbal tasks for one group of aphasic 
patients seemed to be well described in 
terms of the two verbal factors V and W. 
This particular group of patients failed 
on all the tests which involved the word- 
fluency factor W, but they seemed to be 
able to do the verbal tasks in which the 
verbal-fluency factor W was _ absent. 
This factorial differentiation among ver- 
bal factors is worthy of further study to 
ascertain whether the factors that have 
been identified on normal adults can be 
identified perhaps even more clearly in 
some types of speech pathology. There 
is indication at the present time that the 
word-fluency factor W may be a complex 
and that it can be broken up into further 
factors. It will be reassuring if different 
approaches to the same problem should 
agree as to what constitutes the differ- 
entiable verbal abilities. 

It is a commonplace observation that 
some persons have good memories and 
that others have poor ones, and it is also 
a commonplace among the current psy- 
chological textbooks that memory is not 
a separate mental faculty. The result of 
factorial studies so far seems to sustain 
the popular impression rather than the 
current psychological dogma. There 
seems to be good indication factorially 
that people do differ in memory quite 
apart from their other mental abilities. 
A man who is of superior mental endow- 
ment may or may not be fortunate 
enough to have a good memory. The 
memory factor that has been identified 
seems to be represented best. in the abil- 
ity to remember paired associations. 
There are indications of other memory 
factors that may be concerned with 
memory for temporal sequence as dis- 
tinct from paired associations, and there 
probably exists also a separate ability 
for what is called incidental memory, 
namely, the ability to recall past experi- 
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ence without previous intention to recall 
it. If this differentiation should be sus- 
tained, then we should distinguish be- 
tween the ability to memorize inten- 
tionally and the ability to recall past 
experiences with no intent to recall them. 
The memorizing factor seems to tran- 
scend the nature of the content and so 
becomes applicable to numerical, verbal, 
or visual material. A person’s perform- 
ance in memorizing material of different 
kinds will, of course, be affected also by 
his abilities in the imagery types that are 
specifically involved. 

One of the most interesting of the pri. 
mary mental abilities is the ability to 
discover the rule or principle in the 
material that one is working with. This 
primary ability has been called induc- 
tion. It definitely transcends the nature 
of the material, and consequently it must 
be centrally determined.in some way. It 
does not seem to be directly associated 
with any of the sensory modalities. It 
is only natural that one should ask the 
question whether originality and cre- 
ative ability are represented in this fac- 
tor, but on that question we have so far 
no conclusive evidence. Our guess is 
that facility for induction in the sense of 
discovering the rule or common principle 
in the material with which one is work- 
ing is not the same as originality and 
ereativeness. It would certainly be of 
great value to discover any dependable 
indicator of creative talent, but on that 
problem the factorial studies so far com- 
pleted can only give us a few clues. 

Since induction has been identified as 
a primary mental ability it is only nat- 
ural to look for deduction, and it has also 
been found to be a primary factor, but 
it has not been identified with sufficient 
clarity to be represented in the psycho- 
logical tests that are recommended for 
use in the schools. 

There has appeared in several studies 
a factor which we have not attempted to 
name but which is related to these rea- 
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soning factors. The best that we have 
been able to do so far is to associate it 
somehow with the ability to carry out 
restrictive thinking. By this we mean 
the ability to carry out a reasoning prob- 
lem in which there is a definite answer 
as distinguished from those tasks in 
which the effective solutions are not 
unique. 

In the past few years a different type 
of factorial study has been carried out 
on what we have called perceptual dy- 
namics. In early work in this field it was 
found that sensory acuity was no index 
whatever to the mental abilities of the 
subject. In returning to the field of per- 
ception we have been primarily inter- 
ested in the dynamics of perception. By 
this we mean apparent movement phe- 
nomena as studied by the Gestalt psy- 
chologists and other visual and auditory 
effects most of which have a temporal 
aspect. Five of the factors revealed in 
the perceptual functions are concerned 
with speed. These are: reaction time, 
speed of perception, speed of judgment, 
speed of closure, and rate of reversals in 
ambiguous perception. In addition to a 
factor concerned with speed of closure 
there has been identified another which 
has been ealled flexibility of closure. 
These two closure factors are of special 
interest because they are probably asso- 
ciated not only with intellectual types 
but also with temperamental character- 
istics. 

The phenomena of closure can be illus- 
trated by a simple example. If you see 
a word in which a part of each letter has 
been removed you may look at the word 
as if it consisted of a group of unrelated 
spots. You may look at it that way for 
several seconds in the attempt to put 
meaning into it. You may suddenly see 
what the word is. That would be an ex- 
ample of closure. The apparently cha- 
otic and unrelated spots suddenly be- 
come unified into a single percept. You 
then see one thing instead of many dis- 


parate things. The readiness with which 
people get closure seems to be a trait 
much more fundamental than appears at 
first sight. It is not merely the ability 
to solve a trivial puzzle. It seems to ex- 
tend to much more important tasks. A 
croup of administrators who were exam- 
ined in Washington in the attempt to 
study their mental characteristics did 
reveal among other things that the sue- 
cessful administrators scored well on cer- 
tain tests of closure. <A descriptive in- 
terpretation might be that they are men 
who readily unify the apparently dis- 
parate elements in the work for which 
they are responsible. 

Another closure factor has been called 
flexibility of closure, and this factor may 
be socially just as important as speed of 
closure. Wertheimer has described prob- 
lem-solving as the ability to destroy one 
configuration in favor of a better one. 
This is a good description. It implies the 
ability to destroy or ignore one configu- 
ration of things in order to see the same 
things in a different configuration. Since 
these two closure factors, which have 
been called speed and flexibility, have 
only recently been identified, we cannot 
speak with confidence about their impli- 
cations. They are known to be distinct 
from the visualizing or space factor 8. 

The question has been raised about the 
primary factors that have been identified, 
whether any of them represent a modern 
form of the central intellective factor 
that Spearman postulated forty years 
ago. If we were to make a guess in an- 
swer to this question we should probably 
consider the inductive factor and the two 
closure factors. But the solution to the 
problem of the central intellective factor 
is probably more indirect. It has been 
found that when a group of individuals 
are appraised as to each one of the pri- 
mary mental abilities that we know 
something about now, the primary abili- 
ties themselves turn out to be correlated 
just as the original tests were correlated. 
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In other words, those who have some of 
these abilities tend somewhat to excel in 
the others, but the associations are not 
close. In dealing with individual cases 
we cannot infer, for example, that a man 
has good number facility just because he 
is a good visualizer. But one can say 
that those who excel in any one of these 
primary abilities tend to be better than 
average in the other abilities. This 
raises the question about why these pri- 
mary factors are correlated. Our pres- 
ent interpretation is that there exists 
what we have called a second-order fac- 
tor which is more fundamental than the 
primary. If this central factor exists, 
then it facilitates the function of all the 
primary or special abilities. Our present 
interpretation is that the central intel- 
lective factor which Spearman postu- 
lated exists in the form of some central 
parameter which has a positive influence 
on all the special mental abilities we have 
been discussing. It has been found that 
some of these primary factors are more 
heavily saturated with this central factor 
than others. Rote memorizing ability 
has very low saturation on the central 
intellective factor, whereas induction 
and verbal comprehension and visualiz- 
ing have rather high saturations on the 
central intellective factor. 

Our conclusion regarding this old 
question is then briefly as follows: There 
seems to exist a large number of special 
abilities that can be identified as primary 
abilities by the factorial methods, and 
underlying these special abilities there 
seems to exist some central energizing 
factor which promotes the activity of all 
these special abilities. 

In addition to the studies on adult sub- 
jects the same type of analysis has been 
made on experimental data for high- 
school children and lately on a group of 
several hundred 5- and 6-year-old chil- 
dren. Special tests had to be designed 
for the kindergarten children who were 
not yet able to read. Essentially the 


same primary mental abilities have been 
identified with these young children as 
with the adults. It has been found also 
that some of these factors such as visual- 
izing and closure seem to mature very 
early. It is possible to determine at the 
age of four or five whether a child is a 
evood visualizer, and we are certain that 
young children are much more clever in 
reasoning than is ordinarily believed. 
The work with young children is moti- 
vated partly by the thought that methods 
of instruction may eventually be adapted 
to the mental profile of each child. It is 
well known that the public schools are 
full of reading-problem cases. These are 
children who seem to have some mental 
ability but who are slow in reading. It 
is conceivable that different methods of 
teaching should be used with children of 
different mental profiles. 

Finally we turn to the question of how 
the appraisal of special tests for each 
primary mental ability can be made 
practically useful. Instead of attempt- 
ing to describe each individual’s mental 
endowment by a single index such as a 
mental age or an intelligence quotient, it 
it preferable to describe him in terms of 
a profile of all the primary factors which 
are known to be significant. A glance at 
such a profile shows whether a man is 
generally gifted, whether he is excep- 
tionally gifted in one or two of the pri- 
mary factors, or whether he has some 
conspicuous limitations. The tests which 
have been made available for use in the 
schools represent six of the primary fac- 
tors whose implications are already 
fairly well indicated. As new factors be- 
come isolated and interpreted ay to their 
implications, they will be added to the 
tests which are made generally available 
in schools and eventually for employ- 
ment selection. If anyone insists on hav- 
ing a single index such as an I.Q., it can 
be obtained by taking an average of all 
the known abilities. But such an index 
tends so to blur the description of each 
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man that his mental assets and limita- 
tions are buried in the single index. It 
seems better to use a profile and to ex- 
tend it with new factors as they become 
isolated. 

The question is often asked whether 
these primary factors are inherited and 
whether they can be trained. A study 
has been made of 150 pairs of identical 
and fraternal twins in Chicago, and it 
has been found that the identical twins 
are much more alike in each of the pri- 
mary mental abilities than are fraternal 
twins. This finding is what one should 
expect, and it agrees with previous stud- 
ies on twins with less differentiated mea- 
sures of mental endowment. The in- 
terpretation of these genetic studies is 
that inheritance plays an important part 
in determining mental performance. It 
is my own conviction that the arguments 
of the environmentalists are too much 
based on sentimentalism. They are often 
even fanatic on this subject. If the facts 
support the genetic interpretation, then 
the accusation of being undemocratic 
must not be hurled at the biologists. If 
anyone is undemocratic on this issue it 
must be Mother Nature. 

To the question whether the mental 
abilities can be trained, the affirmative 
answer seems to be the only one that 
makes sense. On the other hand, if two 
boys who differ markedly in visualizing 
ability, for example, are given the same 
amount of training with this type of 
thinking, I am afraid that they will dif- 
fer even more at the end of the training 
than they did at the start. Both of them 
would no doubt improve in overt per- 
formance, but the boy with native ability 
would probably outdistance _ his 
vifted partner. 

In comparing the profiles of students 
with their known professional interests, 
one finds that. students who are highest 
on the two verbal factors are usually in- 
terested in some linguistic occupation, 
such as writing or journalism. Com- 
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bined with the reasoning factors the pro- 
file interest in the more 
formal aspects of language. A combina- 
tion of the the 
visualizing characteristic of 
students of physical science and engi- 
any 
stu- 


indicates an 


reasoning factors and 


factor 1s 
we have not seen 
characteristic for medical 
This probably means that the 


neering. So far 
profile 
dents. 
medical profession is so broad in scope 
that it has opportunity for wide range 
in types of talent. We have seen some 
very striking examples of children in the 
Chicago schools whose special abilities 
were unknown until they were examined 
by tests of the primary factors. One 
child was recently brought to our atten- 
tion who scored extremely high in the 
factor V and low in everything 
He is a tremendous reader and yet 


verbal 
else. 

he fails in all his school subjects. He 
does not seem to be able to reason with 
what he reads. Another child was ex- 
tremely high in word fluency and low 
in all other This child 
reputation for his great facility in fabri- 


factors. has a 
cating stories to get out of one delin- 
quency after Another child 
was considered to be a dunce until it was 
found that he was the best visualizer of 
his age but he low in the verbal 
This was a clue not only for the 


another. 


was 
factors. 
education of the child but also for direct- 
ing him into something where he might 
have prestige. Such a resolution of his 
problem solved also a personality dif- 
ficulty because he can now identify him- 
self with something in which he excels. 

Studies must be undertaken as soon as 
possible to investigate factorially such 
fields as mechanical aptitudes, musical 
talent, and talent. It is often 


artistic 


supposed, for example, that mechanical 
ability is nothing but manual dexterity, 


Mechanical 
It is a com- 


but such is not the case. 
ability is mostly in the head. 
plex of abilities whose isolation should be 
of considerable importance for science 


and industry. That is still to be done. 
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The multiple-factor methods that have 
been developed in the past decade have 
just begun to produce results. We have 
barely started in a field of investigation 
that will enable the next generation to be 
more rational than we have been in plan- 
ning the education of their children and 
in selecting people for each kind of work. 
Even at the present time psychologists 
can do much more effective work in ap- 
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praising mental abilities than was pos- 
sible ten years ago. 

This work is consistent not only with 
the scientific object of identifying the 
distinguishable mental functions but it 
seems to be consistent also with the de- 
sire to differentiate our treatment of 


people by recognizing every person in 
terms of the mental and physical assets 
which make him unique as an individual. 


THE PATH I CHOOSE 


What is this freedom which men boast they own? 
My barque seems free upon the waters, 

Yet no matter what the course I set 

I only partly guide. 

You, like a lodestar, turn my compass north 
Across the trackless miles, 

A feeble force but constant 

And a source directive in my better hours. 


For life is unknown ocean, 

And winds may blow destructive rancor to my soul 
Or anchor it becalmed on surface of a liquid glass 
To shrivel ’neath the blazing sun. 

At other times I race before a cooling draft 

And speak of progress toward a port. 

The tide may raise my song to buoyant tone 

Or wring a minor wail at its recess, 

And, under all, the oceans move in vaster whirls. 


Men speak of final ports. This craft was ocean born 
And knows no rest. 

If port there be, it yet has sighted none, 

But this is life, not yonder, and the best we have 
Lies in this frame and not in distant scene. 

Let me speak fair to all of those who pass, 

Hail and farewell or traveling abreast. 

May I no wreckage cause nor halt the travelers fast 


Who know where they are bound. 


Yet wandering to touch at many strands, 

The known and loved, the new uncharted isles, 
I seek the gems of each and hope to land 

Upon your restful shore before the end. 


JOHN G. Srncuar, 1937 





SCIENCE IN THE POSTWAR LIBERAL ARTS 
PROGRAM* 
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COLLEGE teachers of science quite prop- 
erly are concerned with whatever threat 
to the liberal arts exists in the recent 
liversion of our educational resources to 
wartime training. Perhaps the most dis- 
quieting aspect of such a threat was the 
war’s acceleration of a trend that was 
becoming pronounced long before 1941, 
the trend toward ever more narrow spe- 
cialization. Even associated departments 
were having increasing difficulty in un- 
derstanding each other’s language, and 
communication between curricular divi- 
sions had completely broken down. This 
trend, growing in large measure out of 
the nature of graduate training for the 
doctorate, is probably unavoidable in a 
university setting, but it has been plant- 
ing the seeds of destruction of the lib- 
eral arts ideal in our colleges. 

One of the fruits of this Balkanization 
of the curriculum is a resuscitation of 
the old antagonism of the humanities 
toward the natural sciences. Vestiges 
of this were in evidence before the 
war. Penalizing science teachers by re- 
quiring two or three clock hours of lab- 
oratory duty for one teaching credit 
hour was one manifestation of it. Penal- 
izing students for taking laboratory sub- 
jects by trying to retain the old scheme 
of laboratory fees was another. But 
were mere vestiges of an old 
Pharisaism. Now, as one of the conse- 
quences of the war, this attitude has 
been fanned into new life, and I fear 
that we shall have some of the old bat- 
tles to fight over again, this time with 
certain handicaps which we did not have 
before. 


these 


*The substance of a paper read before the 
Science Division, Oberlin College. 


humanities are now definitely 
Profoundly mistaken, they are 


The 
alarmed. 
nevertheless thoroughly convinced that 
increased interest in the sciences, stimu- 
lated by scientific contributions to the 
war, will act to the disadvantage of the 
humanities. journals are 
full of articles to this general effect. 
One can that the academie 
equivalent of mob spirit is being aroused, 
with a view to tarring and feathering the 
sciences and riding them on a rail out of 
the liberal arts. 

To keep the record clear I am sure 
that it is accurate and appropriate to say 
that the interest of science teachers in 
this problem arises not out of fear about 
the sciences but out of 


Professional 


almost say 


continuation of 
genuine coneern for continuation of the 
liberal arts. 
always be in full demand in graduate and 
professional and, accordingly, 
they have no fear of unemployment. 
3ut they have a major contribution to 
make to the undergraduate liberal arts 
eurriculum, which their concern for the 
liberal arts will not permit them to over- 
look. The contribution that the sciences 
have made during the past three cen- 
turies to the eurrent pattern of human 
habits of thought is such as to entitle 
them to more, rather than less, promi- 
nence in the liberal arts. 

The typical apologist for the humani- 
ties starts with the axiom that the liberal 
arts is the domain in which his subject 
is pre-eminent. He then identifies the 
sciences with gadgetry or at best tech- 


Teachers of the sciences will 


schools 


nology and draws the conclusion that 
they have no proper place in the higher 
realm of the spirit in which the humani- 
ties dwell. The fact is, of course, that 
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the sciences are potentially (mark that 
word, for I shall return to it) at least 
as rich a source of meaningful imponder- 
ables as are the humanities. While the 
practical aspects of the sciences are not 
to be despised, their significance lies not 
so much in the multiplicity of inventions, 
which makes the world so different and 
life so much safer and easier than it was 
a century ago, as in the subtle concep- 
tion which gave birth to these gadgets 
and which is vastly encouraged by their 
use—man’s confidence in his intellectual 
supremacy over nature. And what could 
be more profoundly a matter of the spirit 
than that? 

When science is viewed in this larger 
aspect, it is not its effects, profound and 
far-reaching though they are, that should 
be the primary interest of student and 
teacher alike, but the nature of the in- 


strument itself. It is utterly unique. 


Literature and the arts have been pro- 
duced principally by special geniuses, 


and the rate of such production appears 
neither to grow nor to improve with 
passing time. Current masterpieces of 
art and literature greater 
merit, nor are they being produced any 
more profusely today in proportion to 
the population, than the corresponding 
products of two thousand years ago. In 
the sciences, on the other hand, is to be 
found the first large body of knowledge 
that is both sequential and cumulative. 
As a unified army, organized for a sus- 
tained assault upon the citadel of human 
ignorance, there has been nothing to 
compare with the sciences in the whole 
recorded development of human thought. 
It is possible to question the value of the 
material which the sciences discover; 
much of it seems trivial to the lay mind. 
One may also be fearful of the ultimate 
effect of scientific philosophy on human 
welfare; many thoughtful men hold sci- 
ence responsible for some of the major 
ills of the day. But whether for good 
or for evil, the fact that science domi- 


are of no 
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nates modern thought cannot be disre- 
garded. 

Teachers of science are not doing as 
much as they ean to cultivate this rich 
heritage. This is the more regrettable 
in that relatively little additional time 
is required, very little in proportion to 
the values derived. It is rather a matter 
of the mode of presentation of the sub- 
ject than of added time for unrelated 
material. The great bulk of the material 
is already before our classes in the usual 
course of conventional science instruc- 
tion. It is indeed more completely in 
hand than it can ever be in courses in 
history of science or philosophy of sci- 
ence. All that is required to bring out 
the significance of the discoveries being 
described is the deft manipulation of 
relative emphases which any skillful 
teacher uses, consciously or unconsci- 
ously, as part of his stock in trade. No 
science teacher who has a vision of the 
prominent part played by his subject in 
the general intellectual enterprise need 
make any apology to the humanities for 
the breadth that science can impart to 
education. But the number who have 
that vision is disconeertingly small, and 
still smaller is the number of those who 
are willing to go out of their way to ac- 
quire it. 

The value which the sciences might 
thus contribute to the liberal arts cur- 
riculum is, as I have intimated above, 
largely potential. There is, to be sure, 
no lack of those who give lip service to 
such a program. It is when we examine 
the texts that are used, the actual pro- 
portion of the students’ study time that 
is assigned to the pursuit of these aspects 
of science, and the amount of attention 
given to them in examinations that one 
realizes in what low regard they are ac- 
tually held by the typical science teacher. 
For, make no mistake, the importance 
that will be attributed to these elements 
of science by students, and indeed the 
measure of the teacher’s own confidence 
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in them as elements of science instruc- 
tion in liberal arts, is the proportion of 
emphasis that he gives to them through 
the conventional channels of instruction. 
He is in fact only self-deceived when he 
says, ‘‘Oh yes! I regard these as very 
important and I mention them in my 
lectures,’? and then leaves them com- 
pletely out of the actual corpus of his 
instructional program. 

Yet a liberal arts curriculum has a 
right to demand the more liberal ele- 
ments as a prominent feature of science 
instruction. In their absence there is 
nothing in science offerings to distin- 
euish between liberal arts science and 
technical or medical school science. It is 
precisely at this point that the most 
damaging criticisms of the sciences could 
be made by devotees of the humanities if 
they only knew enough science to make 
them. H. D. Gideonse, President of 
Brooklyn College, has remarked: 

Science as usually taught to liberal arts stu- 
dents emphasizes results rather than methods, 
and tries to teach techniques rather than to give 
insight into and understanding of the scientific 
habit of thought. What is needed is a truly 
humanistie teaching of science. 

President Emeritus Nielson, of Smith 
College, once wrote: 

Especially in the natural sciences is it the 
case that the temptation to early and intense 
specialization has produced a specialist capable 
of training other specialists, but ill-adapted to 
educating youth between seventeen and twenty- 
two. 

Mark Van Doren has recently written: 

It will be a long time before teachers have 
the bravery to extend their knowledge beyond 
the specialties they started with. A truly co- 
herent curriculum demands that they should, 
and in some millennium they may. 

I hope that Van Doren is as mistaken 
in this outlook as I believe him to be in 
some of the rest of his educational phi- 
losophy, but he had good ground for his 
pessimism, 

Against the background of the inade- 
quacies of their own training, consider- 
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ing the almost complete blind spot which 
the great majority of science teachers 
have at this point, it will be a long hard 
road for them to travel before they are 
able to meet their responsibilities as real 
arts colleges. Yet 


educators in liberal 


unless they discharge that responsibility, 
the sciences will, in the course of a cen- 
tury or less, disappear as a significant 
feature of the liberal arts program. It 
is cold comfort to realize that with such 
disappearance will occur the eclipse of 


the liberal arts college, for it cannot 
remain liberal after the amputation of 
what is potentially its most important 
member. 

But if such a catastrophe comes about, 
science teachers will bear an important 
share of the responsibility as the body 
which determined the character of sci- 
ence instruction in liberal arts colleges. 
The great danger in their teaching les, 
as I have already hinted, in their pre- 
occupation with the training of special- 
Not that they should not prepare 
specialists! They will always have to 
do that and do it well. The danger lies 
not in doing that job too well but in 
Professor Sigerist, 


ists. 


doing it exclusively. 
of Johns Hopkins, remarked shortly be- 
fore the war: 

If the German academie world surrendered so 
readily to reactionary forces, it was largely due 
to the fact that who were 
specialists and nothing else. 
cate a citizen to be able to think 
science and a scientist prepared to participate 
must change our teaching. 


it consisted of men 
If we wish to edu 
in terms of 


in social action, we 

There is reason to fear that we our- 
selves are not immune to the malady that 
overtook the academic world. 
Because of the narrowness of specializa- 


German 


tion characterizing our graduate train- 
ing and because of the pressure in later 
professional experience toward develop- 
ing a fertile and rapidly expanding field, 
our science teachers have all become pri- 
marily and 
only secondarily 
eases their preoccupation has been with 


subject-matter specialists, 


edueators. In some 
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research; in others with the training of 
specialists, a very different undertaking 
than the problem of fitting one’s subject 
into a matrix of general education. 
Many of them seem, in fact, not to sense 
at all the change in the teaching problem 
which has been brought about by the 
great mass movement toward higher edu- 
cation that has occurred in this country 
during the past fifty years, still less the 
tremendous sharpening of that problem 
that has occurred with the cessation of 
hostilities. They will have to learn it, as 
the price of survival of their subjects in 
the liberal arts program. 

The very mold in which all modern 
thinking is cast was shaped in large mea- 
sure by such men as Copernicus, Galileo, 
and Vesalius in the sixteenth century, 
and the oftener and the more emphati- 
cally we say it and tell why, the better. 
Prior to their time all technological ad- 
vances were thought of in terms of nee- 
romancy—black magic. These men, to- 
gether with their contemporaries and 
successors, re-established the faith which 
had died with the Ionian Greeks, faith 
that the world was knowable to any man 
of intelligence, not merely the world of 
art and literature but the world of na- 
ture as well. That conviction had been 
lost for a thousand years, an era which 
we now call ‘‘the dark ages.’’ When it 
was regained, a world that had been 
palsied for a millenium began once more 
to move forward with the might and 
majesty that only a deep and abiding 
faith in its own potentialities could have 
venerated. 

Once again, in this twentieth century 
era of specialization, we have all but lost 
the conviction that the world is know- 
able. If the second world war, with its 
vast acceleration of technology, brings 
back the prevalent feeling of the dark ages 
that all technology is necromancy, and 
encourages an attitude of frustration on 
the part of the educational world toward 
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the sciences, then the liberal educational 
program is doomed, and for that doom 
teachers of science will bear a major re- 
sponsibility. The faet is that, viewed in 
the large, scientists have done a very 
poor job at interpretation of their own 
field to their friends outside of it. To be 
sure, the warfare at the research frontier 
is exacting, and it is natural that those 
engaged in it should be loth to turn away 
from it to explain the fine points of the 
campaign to the people back home. But 
such preoccupation is suicidal. 

The worlds of art, music, and litera- 
ture have learned that lesson, perhaps 
because they had a head start of two 
thousand years on the sciences. Efforts 
to interpret art, music, and literature to 
the common man have, at least in recent 
centuries, been a major concern to men 
in those fields, not an incidental, per- 
funectory, and largely unwelcome activ- 
ity as is the case with the sciences. In- 
terpretation of the sciences is a major 
responsibility of the science teachers 
themselves. They cannot delegate it to 
philosophers or historians, by very rea- 
son of the effects of curricular specializa- 
tion from which the educational world 
is now suffering. 

The opinion is frequently expressed 
that the wartime demand for the sciences 
will result in boosting their prestige 
enormously in the educational scheme. 
There is reason to fear, on the contrary, 
that unless wartime acceleration of the 
applied sciences is followed by a corre- 
sponding acceleration in general compre- 
hension and appreciation of the spirit of 
science, a serious rift will have been in- 
troduced into the structure of higher 
education which in the long run may 
cripple or even destroy it. The greatest 
and almost the only hope of salvation 
lies in the colleges of liberal arts. There 
is no undertaking to which such colleges 
could more appropriately or effectively 
address themselves. 
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RIVER COME CLOSER TO MY DOOR! 


By CHARLES MORROW WILSON 


[sy TROPICAL, little-publicized Hon- 
ras the lone incorrigible Ulua River 
being made to build from silt wastes 
susands of aeres of the richest of farm- 
lands. In this remote and _ least- 
eloped of American nations, engi- 
neers and farmers from several of the 
\mericas are causing one of the most 
olently destructive of rivers to change 
big areas of festering jungle swamps into 
highly productive farmsites. 

The Honduran venture, already well 
begun, is both a new page in inter-Ameri- 
can history and an unusually timely an- 
swer to the enormously urgent challenge 

soil saving. Further, it is providing 

new and timely approach to the age- 

d problem of man versus the river. 

Kor rivers are far and away the most 

rmidable looters and destroyers of pro- 
ductive lands. By primer economics for 
the great majority of nations productive 
soil is the ultimate savings bank and 
reservoir of survival. Yet fertile soil is 
vhat we, like most other nations of the 
arth, keep right on losing by the bil- 

ns of tons, and the millions of acre 
eet. Soils are gouged away by ice and 
But the really 
ppalling and decisive losses are by way 


blown away by winds. 


the streams and rivers which each 
ar in the United States alone carry 
ay enough topsoil to feed at least ten 
lion people—if the precious stuff only 
id be anchored and used. 
Year after vear these stupendous soil 
‘ses go on—spreading like some night- 
irish and wasting disease over conti- 
its and islands, involvine tonnage 
ses which nobody ean accurately com- 
te—nor define in credible arithmetic. 
t one fact is certain: The displace- 
it of soils by surface drainage waters 

the misplacement of these soils by 
rs is one subject about which exag- 


veration is next to impossible. For ex 
ample, experiments made by the Uni 
versity of Missouri in collaboration with 
the United States Department of Agri 
culture, with a medium clay loam soil on 
a slight (3.6 degree) slope, loeated sey 
eral miles from a major river channel 
showed the following soil losses from 
water erosion: 

With a vearly rainfall of about 38 
inches, one acre of the test land, when 
plowed and left bare, loses about 40 tons 
of topsoil ; when planted in corn it loses 
about 20 tons; planted in wheat, about 
10 tons; and in a sequence of corn, al 
falfa, and wheat, about 2.7 tons. If 
one begins multiplying such typical soil 
losses by the hundreds of millions of 
acres in cultivation, he stands a good 
chance of stalling his adding machin: 
and wrecking his confidence in man’s 
prospect of survival. The experimental 
findings in soil losses via surface shed 
overstate those of level field lands, but 
definitely understate those of tens of 
millions of areas of sloping cultivations. 

There is nothing remarkable about the 
fact that people generally resent and 
fear rivers and regard them as chronic 
liabilities, despite all the pretty songs. 
nostalgic poems, and cozy local color 
books about rivers: or the common 
knowledge that rivers are important, 
sometimes decisive, to national economies 
and histories. Yet even in these United 
States, where rivers have done so much 
to open frontiers, foal industries, and 
provide basic transportation, we, a na 
tion of inveterate builders and unrivaled 
engineers, keep right on spending bil 
lions of man-hours and dollars in work 
ing against rivers—not with them. Our 
citizens or government agencies have sue 
ceeded in ‘‘harnessinge’’ rivers for gen 


erating electric power, irrigating dry 
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lands, providing city water supplies and, 


illustrious instance of the Ten- 
Valley Authority, effecting a 
really farsighted and well-rounded re- 


in the 
lessee 
clamation nevertheless, for 
every dollar or work-hour that we spend 


program ; 


to cause rivers to produce value, we 
spend considerably more than another 
dollar in toilsome and oftentimes futile 
efforts to prevent destruction by rivers. 

In the United States, as in other coun- 
tries, a great part of these distinctly 
We have 


built thousands of costly miles of levees. 


negative efforts have failed. 


In some, though not in all instances, this 
has caused the bed levels of a given river 
to rise ever higher above the adjoining 


valley lands. Sometimes the levees tend 


to restrict the river’s channel and 
thereby deepen it; frequently, they ac- 
complish the opposite. We built the 


levees higher, and thereby engendered 
still oraver 


hazards to 


bigger overflows and ever 


more millions of acres of 
essential valley lands. 

It is true that some of the newer plans 
for river valley authorities and some ot 
the recent works in headwater impound- 
ment are far more constructive and in- 
the old-fashioned 
But by and large 
our prevailing estimates and strategies 
the defensive 


genious than ‘levees 


of fear and doubts.”’ 
of river control are still 
sort. We keep on struggling to keep 
rivers from hurting us instead of devis- 
ing ways to make them help us. 
Ol’ Man River,’’ the standout 
from Showboat, reflects with folk-ballad 


sone 


honesty the riverbank worker’s solenin 
awe of the mighty Mississippi—which 
unlike the poor Negro stevedore is not 
loading 
serving 


obliged to sweat and_ strain, 
lifting cotton 
Ol’ Man River just keeps 
earrving uncounted mil- 


which 


barges, bales, or 
time in jail. 

rollin’ along, 
lions of tons of silt in suspension 
spells more and more millions of acres of 
once-rich lands grown poorer, and more 


and more ruinous floods for the future. 
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In terms of the valley man’s viewpoi 
the folk ditty “‘River Stay Way fr 
My Door,’’ with its somewhat 
pronouncement, ‘‘T ain’t breakin’ yo 

heart, so don’t start breakin’ my heart,”’ 





lyric 







is unusually pertinent. 





But the ever-troublesome case of may 





versus the river is not limited to any pa 
continent. It is a 





ticular country or 
difficulty of mankind generally and 








particularly serious problem for most 
the especially 
American The 
Ulua of Honduras is broadly apropos ot! 


Americas, true of the 


tropes. story of the 
the grim battle because the Ulua is gen 
erally typical of many other difficult and 
temperamental rivers. Long before the 
coming of white men native Indians had 
listed it as a ‘‘bad river.’’ The remark 


Hernando Cortes, who had a dis- 


tinctive skill 
and settlement locations as well as harbor 


able 
for appraising farmsites 


sites, even while dubbine the Ulua Rio 
Malo, helped to settle 
ment near the river’s mouth and pointed 


found a_ port 
out the extreme richness of the valley's 
land. 

But the early Spanish farming settle 
the Ulua’s 
for three 
waited as a 


ments at mouth 


presently 
more centuries the 


farflune 


died, and 
reservoir 
In Hon 


duras, as in most Latin-American coun 


SWahlhips 


for mosquitoes and pestilence. 


tries, the towns and capitals grew inland 
among the foothills and mountains. Ex 
cept for occasional fever-ridden squat 
ters who built manaca shacks and tilled 
scragely milpas or gardens along the 
scantily drained fringe of the built-up 
riverbanks, the lush coastal valleys of the 
Ulua were shunned and forsaken. Thi 
situation was broadly typical of a great 
many tropical rivers and of silt-bearing 
rivers generally, which tend to build u 
by silt deposit during overflow periods 
the areas immediately adjacent to the! 
banks to a higher elevation than the mot 
distant lands of their flood plains. 


This holds for the general topograp| 
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the Ulua Basin which in a straight 

extends in a southerly direction 
nm the Caribbean coastline to the cor 
eras of the interior near the town of 
trerillos. The actual distance is only 
iit 60 miles but in its snakelike course 

river meanders through 120 miles. 
the course of time and twisting the 
er has formed an alluvial plain about 


four miles wide at its upper end where 


¢ 


| 


e Ulua, Blaneo, and Comayaeua riv- 


channel of the larger Ulua in its tortuous 
course through the sodden, swampy valley 
that spreads to the sea. In nine miles 
of its course the tributary Comayagua 
drops about 44 feet from the Santa Rita 
gap to its Junction with the Ulua, which 
in turn drops about 36 feet more in 23 
miles to the somewhat tenable area of 
the banana operating center of El Pro 
ereso, thence by flattening gerade of 
about 80 feet more in 8) miles to the 





ULUA RIVER NEAR THE TOWN OF PROGRESO 


s converge, broadenine to about 15 
les as the river proceeds towards the 


SCad 


The Ulua emerges westerly from the 
ountains into this extensive valley. 


lhe Rio Blaneo, which originates in the 


ike de Yojoa region, euts in from the 
itral section, and the Rio Comayagua 
erges from the eastern side to form 

mighty Ulua proper. The Coma 
rua River flows through a break in 

Sierra del Mico Quemado (Burnt 
ukey Mountains) to join the twisting 


open sea. The Chamelecén River is 
another silt-carrving tributary from the 
interior Copan region 

The worrisome habits of the Ulua sys 
tem are habitual and recurrent. In 
Honduras, autumn and early winter, 
from late September to March, are the 
heavy rain seasons, though minor spring 
floods are also experienced, October 
usually finds the Ulua and its tributaries 
at flood stage. For an average of 30 
days each year the river runs channel 


full, and as the heavy interior and loeal 
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the grim brown waters 


regularly spill over into the broad vat: oy, 


rains continue, 
in their haphazard manner sweep!ne 
away or burying in mud all farms, fields, 
buildings, bridges, and railroads in the 
course of the overflow, and eventually 
spilling the floodwaters farther down 
into a huge crescent of permanent and 
pestilential swamp lands. = This had 
been going on for centuries, confirming 
the Ulua’s name as a bad or incorrigible 
river. Its transgressions tended to grow 
with the passing years. 

As with many alluvial streams, includ- 
ing the Mississippi and others in our 
country, as foot upon foot of silt settled 
in its channel, the Ulua’s bed and banks 
were built ever higher above the level 
of its adjoining valley, and the overflow- 
ing silt-loaded waters, flowing without 
control, deposited the silt haphazardly, 
choking up smaller tributary streams 


and otherwise forming barriers to the 


natural drainage of the valley. The 
swamp areas grew bigger and more 
menacing. 

The over-all prospects for effecting 
flood control for the Ulua were bad. 
One could build up embankments, re- 
vetments, and levees, the river bed 
would become higher, the flood would 


break farther down perhaps, but next 
year, or sooner, man’s puny work would 
have to be done again. However, in 
the instance of the Ulua there was only 
one why people wanted — to 
take farmlands in the swath of 


Ulua lands 


reason 
such a 
‘‘mean bastard’’ of a river. 
banana 
world’s. best. 


eood lands, 


well forward among the 
The climate, rainfall, and wind shelters 


are exceptionally 


are basically right for bananas, which in 
matters of soil, drainage, and climate are 
among the Hon- 
durans and others had learned this even 
before the turn of the century, while the 


‘*choosiest’’ of crops. 


banana trade was still in 


international 
its creeping infancy. 
As United States demands for bananas 
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climbed and multiplied, peasants, loc 
planters, and banana companies. ali 
began to venture deeper into the we 
rich valley lands where the most covet 
of tropical fruits grows so lushly. Wit 
passing vears Ulua banana planting b 
came decidedly important to the expan 
ing banana trade. 

By 1919, 
number of citizen planters, two majo: 
clearing an 


alone with a considerab 


banana companies were 
planting costly and (they hoped) hig 
vielding and long-lived banana farms | 
the Ulua valley. On the east bank, « 
Tela side of the river, were the men an 
farms of the already strong United Fruit 
Company, headed by the shrewd an 
thoughtfully quiet Andrew Woodberr 
Preston, of Boston. On the west ban! 
or Cortes side, were the farms and rai 
roads of the Cuyamel Fruit Company 
headed by the even more brilliant Samu 
Zemurray, Ne) 


Orleans, and Warsaw. 


previously of Mobile, 


As a matter of reason and expedienc 
both banana companies relied heavil 
on their respective engineering depart 
More or less coincidentally, tw 

Patrick H. M) 
for Cuyamel, an 


ments. 
young civil engineers, 
ers of Tarheel, N. C 

Tom J. Barnett of Eureka Springs, Ark 


for United Fruit, began independent 
studies of the rambling, flood-gutte: 
Ulua. 

The initial work was tough, sweat 


jungle-fighting ; exploring and surveyin: 
the alligator-infeste: 
swamps, lagoons, and arroyos; clearin 
the mighty forest trees and jungle bus! 
rhizomes of tl 


mosquito- and 


plantine the bits or 
bananas; laving first railroads, buildin 
field hospitals, commissaries, and qua 
ters: and otherwise making the wet, ho! 
valley lands livable and tenable. Tl 
banana-growing pioneers, like their pri 
decessors, promptly learned to respe 
the Ulua’s moods and might. Seekin 
the usual goals of protection from d: 


stroving floods and providing essenti: 
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iinage of the farmsites, they first 
sed levees and by use of large drag- 
‘excavators discharge channels were 
ned through the series of clogged and 
vested swamplands to carry standing 
iters away from the planted fields and 
for planting thousands of 


lands adjacent to the 


reclaim 
res of silted 
erbanks. 

It was exhausting both 


les of the river big planters and little 


work. On 


anters alike continued to 
first 


minor areas 


ua apprehensively. At only 


inves of riverbanks and 
the valley lands could be planted. 
lanv of the earlier banana fields were 
ere strips of two or three rows of the 
lant, pink-blossomed banana plants, 
isely paralleling the banks, which pro 
ded natural drainage for slim strips 
lands immediately adjoining. 
Through urgent necessity the banana 
and farmers began a_ closer 
tudy of the Ulua. Pat Mvers and his 
ssistants identified the fact that 
Ulua is at high mark, or ‘‘banks 


l,’’ the river carries approximately 


mweers 
when 
e thirty-second of an inch of silt per 


foot of 


water. 


square land surface cuble 


T of 


per 


They approximated the Ulua’s aver 
Water as some 


About 


passes 


annual discharge of 
90 billion cubic feet per vear. 
e-third of the total 
rough the channel during the prince! 
floods. They estimated 
it as a vear-around average the Ulua 
rries about 137 parts of silt per 100,000 
All this suggested 


volume 


i| month = of 


water by weight. 
at during an average vear the Ulua’s 
ifters carry in suspension enough 
thly fertile soil to cover about 25,000 
res, or about 40 square miles, of val 
land with a nine- to twelve-inch layer 
provided the silt 


the rich new soil 


ls could be dropped at the providen 
time and _ place. 

‘herein lay the real rub. 
contents of the 


Preliminary 


\LVSeS of silt river 


view the 


DOOR! 1? 1 


water, both as to soil chemistry and phys 
But 
how could the rapacious river be made 
The text 
controlling the vol 


ical properties, were encouraging 


to part with the valuable soil? 
book answer is: *‘by 
ume and velocity of the water flow 

That defines the basically simple, highly 
constructive tactics of ** practical sedi 
mentation.’’ In view of the indisputable 
fact that soil is the most vital of natura! 


resources, Why has ingenious man paid 


so little heed to so vital a salvage? 
There is no satisfactory answer to this 
question. There are a few precedents, 
notably the century-old silt recovery pro 
eram as practiced along the Nile Basin 
distances as great 


in some instances at 


as 50 miles from the actual river chan 
nel. But rivers, like people, are neve 


The Nile is one of the 
The Ulua is compara 


precisels alike 


longest of rivers 


tively short The lower Nile is exces 
sively sluggish. Its grade, or ‘long! 
tudinal slope,’’ Is only one foot to 91,000: 
the Ulua’s is one foot to 4,500 The 


Nile’s silt load is proportionately slight 
It deposits silt at the rate of about four 
inches in 100 vears, or around one thirty 
foot The Ulua is 
probably capable of building land at the 
1,020 cubic feet 


second ot a per Vear 


rate of a foot per vear 
of the Ulua’s waters, containing one and 
one-third ounces of silt per cubic foot 
are theoretically capable of placing one 
foot of silt But 


vear the silt loads are 


during much of the 
ereater than one 


foot of 


and one-third ounces per cubie 


Water 
Along the Nile the beneficial strategs 
of soil creation via sedimentation 


emerged as a by-product of the necessary 


and vital irrieation practiced in that 
area. For centuries Eevptian farmers 
have drained or drawn the Nile’s water 


into settline basins for eventual distri 


fields or garden plots 
settle tO 


bution to valley 
They 
the basin bed, built parallel to land con 
After the bottoms of the 


permit the river silt to 


tours basin 





2 THE SCIENTI 


122 
have become spread with a replenishment 
of rich soils, they plant the earlier basin 
sites to Crops. 

But irrigation and the 
real motive back of soil building along 
the Nile. flood 
farm drainage paved the way to land 
building along the Ulua. But as an en- 
gineering feat, soil building by way of 

the Ulua far 
silt recovery alone 


was remains 


Essential controls and 


alone is 


than 


sedimentation 
more difficult 
the Nile. 
Late in 1919, Pat Mvers, the gracious 
from 
by 


and imaginative civil engineer 
Carolina, abetted and 
Cuyamel’s president, Samuel Zemurray, 
who the Ulua Valley as thor- 
oughly as any man living, began a first 


supported 
knows 
soil-building venture on the left or west 
bank of the Chamelecon, shortly above 
its confluence with the Ulua. The pri. 
mary objective was that of protecting 
low-lving farms from violence by floods. 


DIVERSION CANAL TO DRAIN A SW 
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The first trial sought only to recover a 
small fraction of the silt loads availab! 

Nevertheless, within twelve years a first 
5,000 acres of land, with silt deposits 
ranging from six inches to ten feet, had 
been built up by planned and controlled 
flooding and silting operations. By mod 
erate estimate, these first river-built 
lands are worth at least $200 to $400 
per acre, or a million to two million do! 
lars. 

Still more valuable were the practical 
learned, and the work manuals 
provided. In the beginning Pat Myers 
and his helpers had determined that a 
current velocity of around 4.5 miles per 


lessons 


hour is best for purposes of land build- 
ing. Faster currents are almost certain 
to spread heavy gravel, stone, driftwood, 


and other undesirable materials over the 


prospective fields without depositing the 


finer and lighter silt. 
The successful exploitation of current 


TAMP AREA IN THE ULUA VALLEY 








RIVER COME 


AND CULTIVATIONS 


Pat 
\Ivers and his men began to experiment 


elocity calls for extreme finesse. 


with spillways at points along the river- 


bank to encourage the inflow of the flood- 
waters, and the use of various types of 
wide-crested 
facilitate the 
by waters drawn di 


collapsible cheek dams, or 
the latter built 
spreading of silt 
‘ectly from the river channel and guided 


WeIlr's, to 


inlet channels leading from the spill 
ivs to the lower waste areas. They em- 
ploved dragline dredges and steam shov 
s to dig surface canals, or bouqueras, by 
of which the that 
through the spillways during 


eans river waters 
ured 
back 
to the 
vallev where channel 
the 
wths retarded the current, to cause the 
deposition where desired. That per 
tted the silt to settle on, and so build 


vh river stages could be swept 
| forth at controlled velocity 

of 
ide reduction 


y stretches 


and lush swamp 


CLOSER 


DEVELOPED 


TO MY DOOR! 


BY SYSTEMATIC SILTING 


sinks that particularly 


up, the 
needed building up). 


swamp 
The earlier phases abounded in toil 


trials and errors. 


some and 
But the 
simple : 


expensive 
were encouragingly 
to 


rudiments 
to 
into the river channel and 


minimize levee buildine : 


cut take out 
the muddy water before it reaches bank 


full flood 


boqueras so built and arranged that the 


by diverting it into 


Stave 


silt-bearing water can be distributed or 
‘swish-swashed’’ in a manner to retard 
its current and cause the silt load to be 
dropped as advantageously as possible ; 
then to provide exits for the silt-free 
Waters. 

The method in principle also controls 
the flood stages of the river and thereby 
reduces or avoids the former flood dam 
age to improved areas of the valley lands. 


Cuvamel’s first successful silting pro 


ects Involved changing 5,000 acres of low, 
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miry valley swamps to tenable lands by 
the processes and strategies of silt re- 
A typical recovery district in- 
cluded 19 surface channels, each an aver- 
age of two vards wide and from 2 to 2.3 


covery. 


miles long, spaced about 400 vards apart. 
To fill these canals silt-bearing waters 
were taken out of the river channel by 
way of a broad, shallow intake canal at 
the riverbank, the canal about 240 feet 
and eight For dis- 
the from the 
boqueras Pat Myers and Cuyamel de- 


across 


feet deep. 
charging spent waters 
signed two broad, shallow drainage c¢a- 
nals, one about ten miles lone, the other 
about seven. 

The first planning, though far from 
In 
time the bouqueras and the swamplands 
them leveled 
riched by silt deposits ranging in depth 
By 


perfect, presently began to ‘‘take.’ 


between became and en- 
from six inches to ten or twelve feet. 
1934 several thousand acres of the ‘‘made 
lands’’ were bearing profitable crops of 
Valuable lands had actually 
been created by controlled sedimentation. 

Without any widespread notice the 


land building continued. Alone the east 


bananas. 





BUILT 


LANDS AT THE CONFLUENCE OF 
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side of the Ulua, the United Fruit m 
were finding more thousands of acres 
bothersome swamps which by draina 
and sedimentation could eventually 

changed to valuable farming 
Though the estimates have varied, Ba 
nett and Myers and _ their 
confidently predicted that in the valley 
as a whole at least 90,000 acres, or p: 

haps 100,000, of useless and troublesom: 
swamplands could eventually be built 


} 
+ 


SIU 


assistants 


into superb farming lands by the pro 
of By late 1929 
when Cuyamel and United Fruit joined 
forces and properties, the land-building 
rather 


eSSeS sedimentation. 


technique clearly proved, 


even though some of its tactical details 


Was 


had not been perfected or agreed on. 
But the continued 

the land building along the Ulua. They 

have effected about 9,000 more acres of 


banana hombres 


‘‘upbuilding’’ on the east bank—in the 
Palomas and La Fragua sections, on the 
Tuaymas, Mezapa, Toloa, Meleher and 
Meroa banana farms, and other banana 
farmsites, Tica 
Kele Kele, Mana 


eolito on former Cuvamel lands to the 


including Guanaeastal, 


maya, Tibombo and 





THE 


COMAYAGUA 


THE ULUA AND 





























est. More recently privately owned 
inana properties, such as Finea Oro 
ind the Birichiche Estate, have joined in 


the land-building venture. 


The total was well past 15,000 acres as 


World War II began, enough to place the 


vork clearly beyond the experimental 
tages. War shortages of the needed 
eavy machinery and available ships de- 
aved the work considerably. But the 


lua land-building enterprise goes on 


vith the strong likelihood that the goal 
! 90,000 to 100,000 additional acres of 
ver-built farm lands will ultimately be 
eached. 

For the relatively little Ulua that is a 
ig order. It requires, among other 
lings, that the deep lower swamps be 
triated with immense discharge canals 
ading 25 miles or more indirectly into 
he Caribbean. This ealls for the exca 
ition of around 75 miles of such canals 
il the removal of at least 60 million 


bic vards of mud, which in turn re 
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BUILT LANDS ALONG THE ULUA WITH GUANCHIA 
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FOREGROL 
quires the use of enormousl\ expensive 
floating and other equipment. The costs 
are certain to be heavy, at least $100 per 
‘*built acre,’? most probably even more 
The background work alone will cost mil 


s likewise con 


lions. The time factor 
siderable; an 18-inch silt deposit in five 
vears is the mean rate of land building 
contemplated. 

Good eivil eneineerineg has been and 
will continue to be essential, a caliber of 
engineering that can coordinate the nec 
essary flood control and surface drainage 
work with effective land buildine. Me 
chanical engineering is) also requisite 
since the work requires Ingenious con 
trols, such as automatic floodeates, to 
keep the flood loads within river channels 
and to avoid spreading the heavier sands 
and debris upon the tillable lands The 
task requires skillfully built intake ca 
nals; the building of costly cement tun 


nels to carry silt-laden waters to the more 


distant field sites: and stubborn SILCCeS 
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sions of well-designed spillway channels, 
or sluice cuts, to be filled with silt, bloeked 
off, and replaced with other bouqueras. 

Drainage of the built lands, which is 
essential for growing bananas, or almost 
any other profitable crop, poses further 
Where ‘‘natural’’ or gravity 
possible the standing 
And there 
are few absolute rules for building lands 
from Each river, in- 
deed each section of river with its imme- 


problems. 
drainage is not 


water must be pumped away. 
river-borne silt. 


diately adjoining lands, presents specific 
problems and challenges. In some in- 
vegetation—trees or 
advanta- 


geously as anchorage for the silt depos- 


stances the native 


bushes or grass—can be used 
its. But in one way or another the river 


water must be taken out of its regular 
channel and guided at prescribed veloc- 
itv to low areas. 

Pat Myers, now returned and retired 
to his North Carolina farm, agrees that 
building land by sedimentation is not 
magic— ‘It only looks and acts like it.’’ 
Like other apparent feats of magic, in- 
veigling a scoundrel of a river into build- 
ing valuable land ealls for exact timing. 
The general planning has to be shaped 
months or vears in advance of the loca- 
sut the latter frequently de- 
fies rules and calls for improvisation. 

The Ulua adventures have proved that 
valid soil recovery and soil building ean 
The land so built is 
not necessarily cheap, but it is immensely 
fertile. With its generally favorable to- 
pography and climate, the progress in 
the 


tion work. 


be accomplished. 


assure 


river building of lands ean 
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otherwise untenable Ulua Basin a px 
manent place as the No. 1 reservoir 
the international banana supply, a fa 
of more than casual importance to Go 
sumer markets throughout North Ame 
ica, the British Isles, and Western Eu 
their more or habitua 
Only an infinitesimal! 


rope, with less 


banana eaters. 
percentage of tropical lands, probably no 
more than one-twentieth of one percent 
is suited to growing bananas profitably 

As already noted, the Ulua Valley, as 
refurbished by 
ably the world’s most favored banana 
site. But the possibilities of the Ulua 
land building outreach and outweigh the 
perpetuation or the well-being of any one 
crop. Most other crops also thrive on the 
silt-built lands—more lushly than on any 
other. 
business and with a routine profit motive, 
have made the Ulua interna 
tional proving ground for land building 


sedimentation, is prob 


Banana growers, in the line ot 
Basin an 


via recovery of river silt. 

Though it provides no absolute for 
for land building in other 
the Ulua is significant 
laboratory work. <A deal of de 
tailed study is requisite to venture a 


mula river 


basins, venture 


oreat 


euess as to how applicable its reclamation 
may be to silt-bearing rivers in the 
United States or other Americas. But 
the challenge is defined rather clearly 
and the scope of importance keeps right 
on growing. Here in an American back 
eround, people are reclaiming at least a 
fragment of the colossal, incessant. soil 
loot that is collected and in 
stances destroved by rivers. 


most in 














FROM DUNGEON TO TOWER 


By F. L. CAMPBELL 


Tue continuing appeal of the A.ALA.S. 
its members and friends to provide 
nds for a building to house its admin- 
strative, business, editorial, and service 
personnel has stressed the inadequacy of 
space that the Smithsonian Institution is 
now able to provide. Indeed, the activi- 
ties of the Smithsonian could easily ab 
sorb the space that we now occupy, and 
it is possible that we, as guests, have be- 
come a burden to our generous hosts. 
Kew members of the Association 
lave seen our quarters in the Smith- 
sonian Institution Building. Therefore, 
we thought it might be appropriate and 
helpful to demonstrate by means of four 
photographs the conditions under which 
we are now working and the use that is 
made of present space. We are now 
occupying one room on the second floor 
(22 « 25 feet), three rooms on the third 
floor (14 « 14, 17 x 18, and 14 « 14 feet), 


one room on the eighth floor of the Tower 





; Gone 
PIG. 1. 


(9x13 feet), and one room on the ninth 
floor of the Tower (9 « 13 feet 

Let us begin at the bottom and work 
up. To reach the second-floor room, for 
merly used for storage only, one must go 
to the third floor, walk to the rear of the 
buildine through the herbarium, and 
descend a stone stairway only 35 inches 
One feels that he 


to a dungeon, and so we 


wide. is going down 
have come to 
speak of this room as ‘‘the dungeon.’’ 
Before fluorescent lights were installed 
the room itself was reminiscent of a 
dungeon because only a little light enters 
through the 
Kigure 1. During the past vear it be 


came necessary to use this room for an 


high portholes shown in 


office as well as for siorage. Supplies, 
symposium volumes, back issues of the 
SM, and various records were stacked on 
shelves to the ceiling on three sides of 


Office furniture had to be 


the room. 
taken apart to carry it down the narrow 
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stairway. Recently, the Permanent See- 
retary, Dr. F. R. Moulton, felt it neces- 
sary to vacate his office on the third floor 
and move to the dungeon in order to pro- 
vide more space for the business office. 
Thus in Figure 1 we find the chief ad- 
ministrative officer of the Association 
(facing the camera) talking with a visi- 
tor in a room that would be spurned by 
any executive less determined than Dr. 
Moulton to serve the Association. We 
shudder to think of the impression of 
the Association that visitors receive when 
they finally reach the dungeon. 

We are glad to ascend again to the 
third floor and go to the front of the 
building where the Association’s busi- 
ness office has fairly normal windows. 
The photograph shown in Figure 2 was 
taken from the doorway of Dr. Moul- 
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ton’s old office, now used by the n 
Administrative Assistant, Dr. John 
Hutzel. Only the central office and 
elimpse of the room beyond can be si 
in this picture. The filing drawers 
the background contain cards bearii 
the names and addresses of members 
the Association and a record of the 
payment of dues, ete. Desks and oth 
filing cabinets leave little room for pas 
sage. Here must be handled thousan 
of checks, subscriptions to the SM, i 
quiries regarding membership and jou 
nals, changes of addresses, orders fo 
copies of symposium volumes and tl 
SM, solicitation of new members, and 
perfection being impossible—complaints 
The volume of record-keeping and mai 
ine done in this little office is stagee: 


ine, and the liehts burn there near! 
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very night. In the far room are the 





iles of addressograph plates and the 
idressograph and stamping machines, 
wether with supplies and a large col 
‘tion of college and university cata- 
wues. We that the 
elp is willing to work under such pres 


wonder clerical 

indeed, the 
The trainine 
each new emplovee adds to the almost 


ire and erowdine, and, 


irnover has been high. 


tolerable burdens of the manager of 
is office. 

Let us leave this sweatshop and go to 
e best of the Association’s rooms—the 
tice of the editor of the SM on the 
vhth floor of the 
‘o be sure, it is very small and a fire 


Brownstone Tower. 


ip, but the view is inspiring, and it is 


and cool in summer. 


(Fie. 3) 


winter 
e photograph 


irm in 
shows about 
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~done 


— 
s 
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OFFICE OF THE EDITOR OF THE SCIENTIFIC MONTHLY 


half of the includine the north 


windews. 


room 


and west The editor has his 
feet on the visitor’s chair, and his assis 
tant We could not 


show the vertical steel ladder in front of 


works at her desk. 
the south window, nor the elevator, sink, 


filing cabinet. In case of fire we 
would have to open the trapdoor in thi 


floor, climb down the ladder to the floer 


and 


below, and open a window to a fire 
escape that leads to the roof of the main 
After having reached the roof 


find a 


building. 


we could probably spot fron 
which we could jump into the firemen’s 
bouncer. If it is necessary to enter or 
leave the room when the elevator breaks 
Kortu 


nately the elevator is fairly dependable, 


down, the ladder must be used 


and I have had to climb the ladder only 


about twice a vear. For a woman, how 





130 





FIG, 4. 


ever, the prospect of usine the ladder is 
not pleasant. 

The same hazards and inconveniences 
apply to the floors above. The ninth 
floor of the Tower (Fig. 4) is occupied 
by Dr. Howard A. Meyerhoff, Executive 
Secretary, and Mrs. Meyerhoff. When 
Dr. Meverhoff moved into this room, con 
taining only a table and chairs (the eabi- 
nets are used by the Smithsonian), it 
he might be asked 
to vacate at He could 
into the dungeon, but his makeshift room 


was understood that 


any time. move 


in the Tower seems the lesser of two 

Beeause his 
does not have 
filing cabinets or a telephone. <A geolo- 
vist, he must use what Austin H. Clark 
ealls the geological filing system, that is, 


the building up of sedimentary deposits 


evils, so he elines to it. 


space is temporary, he 
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THE EXECUTIVE SECRETARY’S OFFICE IN THE BROWNSTONE TOWER 


of letters on a table top. If he can re 
member the various strata on the table 
he may find what he wants when ly 
wants it. 

Dr. Meyverhoff uses our telephone, and 
we call him to it many times a day either 
by shouting or pounding on his trapdoor 
Unless the elevator is standing at his 
floor, he opens the trapdoor and elimbs 
down the ladder to answer the telephone 
then he climbs up again. — It is very good 
exercise for an office worker, but some 
how it seems ridiculous for an executiv 
officer of the 


much time climbing like a monkey. 


Association to spend SO 

Our medieval excursion from dungeon 
to tower is over. Tell us what you think 
of it 
paper inseribed, ‘* Pay to the order of the 


A.A.A.S. Building Fund.’’ 


preferably by sending us a slip oi 











THe native flora of tropical Africa is 





emarkable for the paucity of palms. 
Each of the continents has its distinetive 
but the African 
tremely short. In the absence of under- 


palms, series 1S eX- 
erowth palms, the African forests appear 
much less tropical than those of Central 
and South America, and most of the open 
bush country in Africa is without any 
African coast settlements have a 
few coconut, date, or oil palms planted in 


palms. 


evardens or allowed to grow from chance 
seedlings, and the oil palms often spread 
in wastelands, but relatively few interior 
have abundance. 


districts palms in 


Thousands of photographs of interior 
landscapes have been published in works 
of travel during the past half century, 
but they seldom show palms, and in these 
books the native kinds are rarely men 
tioned. 

Although the tropical area of Africa 
is the greatest of any continent, most of it 
is wasteland, denuded and depopulated 
through recurring eveles of native agri- 

ilture and the repeated cutting and 
burning of the forest to make temporary 
‘learines for other field 
The tillage methods often urged by visi 


rice or Crops. 


tors from temperate regions are destruc 
The 


ractical alternative in tropical agricul- 


ive, Inducing more rapid erosion. 


ture is to develop the use of trees and 
tree crops to obtain permanent protec 
tion for the soil. In such a reclamation 
f Africa by tree crops the palms may 
‘expected to contribute more than an) 
ther the 
ative palms are capable of being util- 


group of plants. Some of 
ed extensively, and many useful kinds 
other intro 


The range of specialized adjust- 


Om countries could be 
wed. 


ents to particular conditions of growth 
remarkably varied among the members 








AFRICA NEEDS PALMS AS TREE CROPS 





By O. F. COOK 


of the palm group, from shaded forest 
depths and seething tropical swamps to 
chilly mountain summits, windswept sea- 
coasts, and the barest, hottest deserts. 
In the tropical belt of Africa only four 


families are represented among the 
native palms, and the indigenous genera 
are much fewer than in Asia or in the 


islands of the Indian Ocean. Other palm 
families are highly developed in the Ma 
lav region, but are wanting in Africa. 
All the genera in tropical Africa are the 
same as or closely related to palms found 
in Asia or in Madagasear, the island it 
self, however, having many more palms 
the the 


tropical corner of more 


than continent. Queensland, 


Australia, has 
native palms than the entire continent 
of Africa. 

From tropical Africa about fifty spe 
cles of palms have been named, whereas 
from the American tropics more than 
twenty times as many palms are known, 
and many new species are still being dis 
covered. In contrast to the four families 
of palms found in Africa, fourteen fami. 
America, most of 
them not represented in the Old World. 
Cuba, Haiti, and Trinidad have notably 


lies are recognized in 


richer palm floras than tropical Africa 
Florida 
has its native palm flora with nearly as 


Even the tropical extremity ot 


many kinds as the tropical belt of Africa. 
The 


dominant 


palmettos frequently appear as 
features of the landseape in 
Two of the 


Afriean genera, Chamaerops in North 


Klorida but never in Afriea. 


Africa and Jubaeopsis in South Afriea, 
are not found in the equatorial belt, but 
are definitely extratropical, like the pal 
mettos of our southeastern states and the 


molasses palm of Chile, Jubaea chilensis. 
the 
related, as 


African 
the 


Chilean and South 


The 


palms are closely are 








THE 
Mediterranean Chamaerops and _ the 
Serenoa, or saw palmetto, of Florida. 
On the American continent the tropi- 
cal vegetation includes diversified local 
floras of small undergrowth palms, often 
or twenty kinds in the 
There are hundreds of species 
shade-tolerant 


a dozen same 


locality. 
of these small palms in 
tropical America, classified in 
genera of several families, with various 
adaptive features. Other 
plants in tropical America are remark- 
ably specialized for life in forests as 


humerous 


eroups of 


as epiphytes, notably 


undergrowth or 
evelanths, orchids, begonias, bromeliads, 


eannas, and Heliconias. The Asiatic 
series of specialized shade plants also 
includes many palms not represented in 
Africa. 

The comparative development of the 
undergrowth types of vegetation may be 
taken to indicate the relative age of for- 
est associations of the continental areas. 
In such a reckoning the forests of tropi- 
cal America appear to be the oldest, those 
of Asia intermediate, and the forests of 
Africa more recent, a relation consistent 
in general with the westerly direction of 
the trade winds. The world-wide distri- 
bution of the ancestral palms doubtless 
was attained in advance of the forest 
period. Continuance of the open prefor- 
est conditions in Africa is indicated by the 
wealth of terrestrial mammals, whereas 
in the forests of South America the mam- 
mals are largely arboreal, hardly less 
specialized than the birds for living in 
the treetops, as Bates so vividly described 
in The Naturalist on the River Amazons. 


Rattans the Only Forest Palms. In 
most of the African forests the only 
palms, if any, are the very slender, long- 
jointed rattans trailing like lianas among 
the treetops, where travelers seldom see 
them. The leaves of the rattans have 
long midribs extended far beyond the 
pinnae to form slender climbing organs, 
beset with hooked spines. Botanists have 
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recognized Calamus and four other o 
era of rattans in Africa, but with diff 
ences apparently no greater than amo 
the hundreds of Malayan species referr 
to Calamus or to Plectocomia, all wit! 
similar habits of climbing above the fi 
est canopy and keeping out of sig! 
unless from airplanes. 
localized genera of 
Sclerosperma and Podococeus 
were described in 1864 by Mann an 
Wendland from swampy places along thi 
Gabon and neighboring rivers, but ap 
parently not spreading as forest unde) 
erowth. Excellent drawings of thes 
palms and of two of the African rattans 
were published and are reproduced in 
Figure 1. Young rattan palms, befor 
the stage of climbing, are shown at thi 
lower right-hand corner of the illustr: 


ry 
wo very sma 


palms, 


Other localized species of Sclero 
have been re 


tion. 
sperma and 
ported from neighboring districts, but 
the later explorers have not discovered 


Podoeoceus 


additional genera. 


The Raphia, or Wine Palms. After 
taking account of the rattans and the oil 
four other African palm 

The type that oceurs most 
riverbanks or 


palms only 

tvpes remain. 
widely, scattered along 
clustered in open swampy lands, is known 
in Africa as the wine palm, the genus 
Raphia, and is found also in Madagascar 
and in tropical America. The trunks 
usually are short and the leaves few, very 
long, and spreading, The African wine 
palms formerly were supposed to repre 
sent only one species, Raphia vinifera, 
but several local kinds have been named 
Two were described by Mann and Wend 
land from the island of Corisco off the 
coast of Cameroon: Raphia longiflora 
and Raphia hooker, the first with short 
trunks, the rather majesti 
palm, with trunks thirty feet high and 
leaves forty feet long (Fig. 2). The 
larger species was reported to have been 
cultivated by the natives at old Calabar. 


second a 
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FIG. 1 FOUR SPECIES OF AFRICAN PALMS 
ik LEFT ARE TWO DWARF PALMS, Podococcus, WITH SEPARATE SLENDER TRUNKS, AN N THI 
R IS Sclerosperma, WITH THE LEAFSTEMS CLOSELY CROWDED. IN CENTRAL BACKGROUND AND ON 
MIGHT ARE TWO CLIMBING HOOK-LEAVED RATTAN PALMS: Calamus laevis (CENTER) WITH RELA 
SHORT LEAVES AND TAPERING PINNAE, AND FIVE STALKS OF Calamus secundiflorus (RIGH! 
HREE UPPER STALKS WITH LEAVES OF THE MATURE FORM AND TWO YOUNG STALKS BELOW. 
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From Mann and Wendla 

FIG. 2. TWO AFRICAN WINE PALMS 
THE WINE PALMS ARE CHARACTERIZED BY THE VERY LARGE LEAVES WITH REGULAR SPREADING PIN? 
TWO SPECIES OF WINE PALMS WERE FOUND BY MANN AND WENDLAND GROWING ON THE ISLANI 
CORISCO IN THE GULF OF GUINEA. THE SMALLER SPECIES, Raphia longiflora, HAS ONLY A SHORT TR 
LIKE MOST OF THE OTHERS, BUT Raphia hookeri i8 REMARKABLE FOR ITS SIZE—THE TRUNK MAY 
70 FEET HIGH AND THE LEAVES 40 FEET LONG WITH 190 TO 200 PINNAE ON EACH SIDE OF THE MID 
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(he fruits of Raphia are characteristic, 
to four inehes long, elliptie in out- 
and covered with smooth, shining 

scales like pine cones. Each fruit con- 
ains a single, large ivory-hard seed, the 
surface wrinkled and 
rounded in the fresh state by a thin flesh, 
vielding an edible yellow oil like that of 
the oil palm, Elaeis. Fibers of two kinds 
are obtained from Raphia: a soft so- 
called raffia stripped from the epidermis 


coarsely sur- 


of the young unopened leaves, and a 
coarse plassava fiber retted from the 
leafstalks. 


The Borassus, or Palmyra Palm. The 


massive palmyra palm, Borassus flabelli- 


fer, extensively cultivated in the East 
Indies, is represented in Africa by a 
closely related species, Borassus aethi- 
opum, one difference being that the trunk 
of the African species is more definitely 
thickened near the middle. A height of 
100 feet or more is attained, with a diam- 
two to three feet. Forests of 
Borassus are reported in the western 
Sudan and along the coast of Angola, 
and it oecurs locally from Senegal to 
Mozambique. The stiffly radiating seg- 
ments give the leaf blades a spread of 


eter oft 


about five feet. A vigorous young palm 
vrowing in the open forms a cylindrical 
crown of deep green leaves reminiscent 
of the early stage of Washingtonia ro- 
busta in California. A young Borassus 
palm on the St. Johns River in the Bassa 
district of Liberia is shown in Figure 3. 
The fruit of Borassus is nearly round, 
six to eight inches in diameter, the lare- 
est of any palm except the coconut and 
the so-called double coconut of the Sey- 
‘helles Islands near Madagascar, which 
s related to Borassus. The husk of the 
truit is smooth and fibrous 
thin, normally containing three flat- 
ned, fiber-covered, hard-shelled 
bedded in a sweetish pulp. In India 
¢ palmyra palm is valued chiefly for its 
rar-bearing sap, while the trunk, leaf 


outside 


nuts, 


Photo by Guy N. Collins 
A YOUNG BORASSUS PALM 
JOHNS RIVER, LIBERIA, 
PLANTING. 


FIG. 3. 
THIS SPECIMEN, NEAR ST. 


IS GROWING IN A NEGLECTED COFFEE 


stalks, and leaves are a source of wood, 
fiber, and paper. The germinating seed 
lines form a starehy, edible underground 
bulb like an inverted parsnip. As In 
most of the palms, the terminal bud is 
though 


in a few kinds the tissues are too bitter 


tender and edible, like cabbage, 


or acrid to be eaten raw. 


Commercial 
Palm. 
outstanding commercial importance, the 
African oil palm, Elaeis guineensis (Fig. 
4), which furnished the principal exports 
of the West Afriea after the 
slave trade was suppressed. Because 


palm oil was used for feeding the Negroes 


Importance of the Oil 
One palm in tropical Africa has 


( ‘oast ot 


on the slave ships, it was generally be 
lieved that the oil palm was indigenous 
to Africa, but, as | the 
SM, June 1942, it now appears to have 


have shown In 
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introduced (Fig. 5) from Brazil 
in the early colonial period to the Portu- 


the West 


The oil palm grows in a wild state on 


been 


evuese settlements on Coast. 
the coast of Brazil, and a closely related 
(Alfonsia ) 
northern South America and in Panama 
Nicaragua. 
widely distributed = in 


venus occurs throughout 
The oil palm is now 
Africa, 
Coast, and 


and 
tropical 
West 


often in great numbers, since it spreads 


especially alone the 


readily in open places. 

The trunk of the oil palm is somewhat 
thicker and more erect than the coconut 
palm, with the leaves more numerous and 
forming a dense, feathery crown, on ac- 
count of the pinnae standing at various 
angles to the midrib, and not in regular 
The plum- 


lines as on coconut leaves. 


FIG. 4. 
IN OPEN 


OIL 


MS DEVELOP ONL‘ PLACES. 
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like fruit grows in densely crowded he 
The 


low palm oil comes from the outer fi 


protected by needlelike spines. 


surrounding the black palm nut, wit] 
hard, brittle shell 
kernel, in taste and texture like the n 
The kernel oil is cl 


and its white p: 
of the coconut. 
transparent, and tasty like coconut oil 
In addition to the yellow palm oil, vast 
quantities of kernels are exported and 
the oil is expressed in Europe and Amer 
wa. In Africa, for 
little kernel oil may readily be extracted 


emergency use 


by parching handfuls of kernels for a 
few minutes in a hot kettle, for use w 


rice Or Cassava. 


The Date Palms, Cultivated and W 


The cultivated date palm, Phocnir d 


i> °* 
ae > 
Rae che at 


ow 


Photo by Guy N. Colli 
LIBERIA 


THEY ARE GROWING BY THE SEA NEAR MONRO 
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FIG. 5. 
DISTRICT THE EARLY 
MS. ANGOLA WAS COLONIZED BY 


THIS PORTUGUESE 


jlifera, is a desert species, planted 
chiefly in Egypt and the oases of the 
Sahara, also in Senegal and the Sudan. 
As recognized in Pickering’s Races of 
Wan (1876), the cultivated date palm 
probably was not indigenous to Africa. 
Bertram Thomas in Arabia Felir (1932) 
shows a photograph of wild date palms 
erowing on sandy flood banks in a previ- 
ously unexplored district of southeastern 


Arabia, these conditions affordine full 


exposure, with no competing vegetation. 


The photograph of these Arabian palms 
shows large symmetrical crowns of 
preading leaves, only remotely like the 
ild dates in Africa. The cultivated 
ite is definitely a sun palm, not making 
rorous growth under shade conditions, 
The native dates (Fig. 6) in tropical 
\frica, usually referred by botanists to 
oenir reclinata or to Phoenix spinosa, 
‘slender, small-fruited palms, forming 
sters of offshoots among stunted vege 


on alone the seacoasts, and sometimes 


OIL PALMS ON THE QUANZA RIVER, 
MISSIONARIES 
WAY OF BRAZIL, WHERE THE OII 


PALMS 


From Monteiro 


ANGOLA 


MADE PLANTATIONS OF COCONUT AND OII 


PALM OCCURS IN A WILD STATE, 


on riverbanks or in swamps. These wild 
date palms are little used by the natives, 
but because they sometimes furiish fiber 
and palm wine, they are often confused 
A critical distine 
tion is that the pinnae of the date palm 


with Raphia palms. 


leaves are V-shaped in cross section, be 
cause in the bud stage the pinnae are 
folded upward, whereas Raphia and all 
the other palms have the pinnae folded 
downward, with the groove underneath 
The date palms in reality are related to 
Chamaerops and other fan palms but 
having 


The 


leaves of fan palms are formed of radi 


appear different on account of 
separate pinnae on a strong midrib. 


ating segments folded upward like the 
pinnae of Phoenix, but not separated. 

The Doum, or Ginger Bread Palms. 
The doum palm of the Egyptian deserts 
is Hyphaene thebaica, and similar spe 
cles are widely seattered in the Sudan 
and other dry districts, south to Mozam 
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FIG. 6. 
THE NATIVE DATE PALMS OF TROPICAL AFRICA HAVE 
FROM THE GROUND, FORMING LARGE 
IN FORESTS, THEY ARE GENERALLY 


bique and Angola (Fig. 7). The leaves 
are fan-shaped as in Borassus, but the 
palms are much smaller. The fruit, only 
two to three inches in diameter, is some- 
what pear-shaped or irregular. It has a 
hollow kernel, white and very hard, like 
vegetable ivory, encased in a black, bony 
shell, and this is surrounded by a rather 
woody, brownish rind with a pungent, 
sweetish, ‘‘gingerbread’’ taste and smell, 
not unlike the edible pods of the mes- 
quite or the carob. A similar palm called 
Medemia is reported from Nubia as hav- 
ing bitter, inedible fruits. Seeds of 
Medemia have been found ancient 
eraves. 

Remarkable resistance to heat and dry- 
ness is an outstanding feature of the 


doum palms and may render them use- 
ful in the reclamation of districts that 


now are badly deforested. Even in the 


superheated depressed valleys explored 
by Nesbitt between the Abyssinian high- 
lands and the Red Sea, doum palms were 
found growing in the salt-sinks, beyond 


TROPICAL NATIVE 


CLUSTERS WHEN 
CONFINED IN NATURE 


From Pechuel-Loesche 
DATE PALMS 
SLENDER, CURVING TRUNKS AND SEND UP 
GROWING IN OPEN PLACES. UNABLE TO GROW 
TO SWAMPS, RIVERBANKS, AND SEACOASTS 


SHOOTS 


the range of any other vegetation and 
under the most extreme conditions. The 
title of Nesbitt’s book, The Hell-Hole of 
Creation, seems appropriately to mark 
this outstanding adaptation of the doum 
palms to difficult conditions. The lack 
of a proper desert flora of surface succu 
lents or other plants specialized to grow 
in the open in the Egyptian and Arabian 
mean that original 
covering was general and that the pres- 


deserts may forest 


ent extensive wastes are artificial. 


with Tree The 
need of tree crops is urgent in many dis 


Reclamation Crops. 
tricts on account of the rapid increase 
of native populations during the period 
of colonial control of tropical Africa by 
European nations. Many of the primi 
tive tribes have reached the limit of their 
food supply. The native life may be said 
to have ended, since a different footing 
must be found for the future. Cutting 
and burning the forest to make tempo 


rary clearings for rice or other field 
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s has resulted in extensive replace- 
ment of forests with open wastes or fire- 
swept grasslands. Tree-crop agriculture 
is more desirable, 
avoided and permanent systems of pro- 


because erosion § is 


duction become possible. 

Tree have been little 
tropical countries, and those contributed 
by families of plants other than palms 
are mostly fruits or nuts, such as the 
avocado, the sapodilla, the mango, the 
cashew, and the Brazil nut. However, in 
the palm group alone, five of the princi- 


crops used in 


pal requirements of human existence- 
starch, sugar, oil, fiber, and building ma- 
terials—are obtainable from tree crops. 
Some of the useful palms, such as the 
date, the palymra, the sugar palm 
Arenga), the coconut, and the peach 
palm (Guilielma), have been cultivated 
elsewhere for long periods, and several 
others have been exploited extensively 
in the wild state. Examples are the sago 
palm (Metroxylon) and the rattan (Cala- 
in the Malay region; the wax palm 
Copernicia), the babassu (Attalea), and 
the assai (Catis) in Brazil; the vegetable 
ivory (Phytelephas) in Ecuador; and 
(Jubaea) in Chile. 
Other oil palms of potential value have 
only recently become known, such as 
Bornoa in Haiti and Ynesa in Eeuador. 
Wider utilization of the oil palm in 
Africa may be a first project in tree 
Palm oil is produced extensively 
n West Africa, but usually from wild 
The seeds are widely scattered, 


US 


the molasses palm 


Crops. 


palms. 
and a little care in keeping the weeds 
trom shading and smothering the volun- 
er seedlings might inerease the food 
supphes of many tribes in a few years. 
\ basic ecologic fact has been overlooked, 
even by seientifie writers; the oil palm, 
the coconut, is definitely a sun plant, 
juiring full exposure for normal de- 
opment. Among the natives of Li- 
ia fruits of the oil palm often are 
ried to eat on the road, the pulp 
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7 
From Pechuel-Loesche 


FIG. 7. A DOUM PALM 
FROM WEST AFRICA, CLOSE TO THE CONGO RIVER, 
chewed off and the nuts thrown aside, so 
that native pathways miles away from 
the palms may be bordered with seed- 
lings, even in forests too dark for any 
of the seedlings to grow up. An indige- 
nous palm commonly used and seattered 
by the natives should have spread long 
ago completely across the continent, in- 
stead of being restricted largely to the 
West Coast. 
and thin shells are being cultivated on a 
the British 
Oil palm plantations 


Varieties with thick pulp 


commercial scale in and 


French colonies. 
in the East Indies were expected to prove 
more profitable than coconuts. A gen- 
eral utilization of oil palms may be fore- 


seen in many tropical countries. 





THE LENGTHENED SHADOW OF A MAN 
AND HIS WIFE—I 


By JAMES G. 


PROFESSOR MERITUS OF ENTOMOLOGY 


Tuts is the story of the development 
of a new department of university in- 
struction, the Department of Entomol- 
ogy in Cornell University. In attempt- 
ing to tell it briefly I will first set down 
what I have heard from the lips of others, 
my academic elders, and then something 
of what | myself have heard and seen. 


Titik MAN who founded the Depart- 
ment, John Henry Comstock, came to 
his lifework by a very circuitous route. 
There was little in his early environment 
to urge him toward a scientific career. 
His deep love of nature he seems to have 
had from his mother. His parents were 

His father, 
been a schoolteacher in 

His mother, Susan Allen, of the 
family of the patriot Ethan 
Allen, was a woman of quality. After 
went west and set- 


poor. Ebenezer Comstock, 


had 


setts. 


Massachu- 
colonial 


their marriage they 
tled on a small farm at. Janesville, Wis. 
There in 1849 John Henry Comstock was 
born. 

That was the vear of the big gold rush 
to California. The the 
farm were poor, and the father thought 
to better the affairs of his family by join- 


prospects of 


ing other adventurers who set out west- 
ward so eagerly to find gold. The eov- 
ered-wagon train 
he journeved met with sudden disaster. 


emigrant with which 


Cholera broke out, and Ebenezer Com 
stock was one of the many who died of it. 
Ilis wife was left to struggle alone with 
the care of her baby and the farm. 
followed — her. 


She 


Kurther misfortunes 
The farm was lost on a mortgage. 
returned to New York State to be amone 
her own people and found work as a 


nurse. Tfer own illness and hospitaliza- 


AND LIMNOLOGY, 


NEEDHAM 


CORNELL UNIVERSITY 


tion followed, and the boy had to be 
cared for among several families of rela 
tives until at the age of eleven yea 
began to make plans for himself. 

He chanced to Captain Lewis 
Turner and his good wife, Rebecca, and 


meet 


The captain was 
that 
erain 


to win their interest. 

sailed the 
and 
who were 


schooners 
the 
four 


a master of 
Great Lakes in lumber 
trace. He had 


sailors, already gone from home. — The 


SOLS 


captain offered the bov board and cloth 
ing and three months’ schooling a year 
in return for his services about the place 
and the offer was accepted e@ladly. 

The captain’s wife was an intelligent 
kind, motherly woman and an excellent 
cook. She took the little stranger to he 
heart; cared for his health, which was 
none too good; encouraged him to stud 
and to cultivate good habits. She ealle 
him ‘* Hanky,”’ her ‘‘Ma 
Her house became his second 

He lived there five vears 


and he ealled 
Becky.”’ 
real home. 


voing to school in the short winter ses 
sions and doing all kinds of chores about 
As long as Ma Becky Ih 


intervals as to 


the place. 
he returned to it at 
home. 

Living among sailor folk, he natural! 
looked toward sailing as his first ren 
nerative occupation; but he had ne 
been robust and was not strong enoug! 
for the heavy work of a sailor on 
deck. So Mother Turner, with kind a 
venerous and competent foresight, tau 
him to cook, and thus equipped him 
the place of steward on a sailing ves 
the 

Lakes in 


sailed 
atten 


Kor next five 


Great 


vears he 
summer and 
school in winter. He saved 


to buy books and to pay tuition i 


his Wa s 
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JOHN HENRY COMSTOCK 


private academies that then gave the 


preparatory work for college, which now 


the public high schools have largely 


taken over. On shipboard he always 


had some book at hand, and he studied 


it during intervals of work. 
he first 


reading that found 


opportunity to follow his bent for nat- 


It was in 
ural history. He found some books on 
botany that enabled him to acquaint him- 
self 
(rreat 


with the flowering plants of the 


Lakes region. Then once, when 
his ship was at anchor in the port of 
Buffalo, he went to a bookstore to see if 
he could find a book that would tell him 
something about flowerless plants. He 
found instead another kind of book that 
opened for him a new door to the house 
of knowledge. It was A Treatise on 
of the 


fation, bv 


Insects Injurious to Vede 
Thaddeus William 


M.D., Librarian of Harvard University. 


None 


Harris, 


It was, and is to this day, a beautiful 


and worth-while book. Its illustrations 


quickly led him to see that here was 


somethine that would interest him be 


AND HIS WIFE, 


LENGTHENED SHADOW 


ANNA BOTSFORD COMSTOCK 


had read Its 
plates 


($10.00 


vond anything he ever 


finels colored fascinated him: 


alas. the price seemed entirely 


bevond his means. He went sadly back 


to his work without it: but even as he 


cooked he could not forego th 


POSSeSSLON 


of the precious book. He returned next 


morning and bought it, with money 


taken from the fund he had been savine 
- and for a time it 
That book had 


future 


for a course in college 
was his chief possession. 
a large part in determining his 
IS NOW 


( On) 


career. His own well-worn copy 
chiet 
stock Memorial in the Library of 


its flvleaf is 


one of the treasures of the 
Cornel] 
University On written 


such a tribute as few books 


¢laim ° 
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college. He had heard of a new kind of 
college recently opened at Ithaca, N. Y., 
where courses of study in science were 
placed on a par with the classics, and 
that appealed to him; so he sent for a 
catalog. Krom the catalog he learned 
that the founder had provided means 
of earning a living while studying, and 
had said he wished to found an insti- 
tution where any person might find in- 
struction in any subject; and that all 
seemed suited to his circumstances and 
wishes. So he went to Cornell Univer- 
sity to study entomology. 

When he got to Cornell he found there 
no course offered in entomology. There 
was, however, a department of zoology, 
with Dr. Burt G. Wilder at its head, 
ready and willing to give him every aid 
he could to study entomology by himself. 
Dr. Wilder gave him facilities for study, 
helped him with books and counsel and 
encouragement, and after a short tryout 
of his help at chores about the depart- 
ment, took the youth to be his own 
personal assistant. 

That was a happy association. The 
eager, industrious, and resourceful boy 
was exactly the kind of helper that 
Dr. Wilder needed, and he, the kind of 
teacher and friend that the boy needed. 

Dr. Wilder was a gentleman of the 
old school, tall, dignified, precise, and 
exacting almost to a fault, but kindly 
and generous, and more exacting of him- 
self than he was of others. He was a 
eifted musician 
words and music, for his own diversion. 


who wrote sones, both 


He was strictly opposed to the use of 
alcoholic beverages and tobacco; also 

alas, for his popularity with the Hurrah 
Bovs of the student body—opposed to 
fraternities and intercollegiate athletics. 
Ile had graduated from the Lawrence 
Scientifie School at Harvard University 
in that day when the scientific studies 
that he pursued were kept apart from 
the classies as representing a lower order 


of intelligence. During the War be- 


THE SCIENTIFIC MONTHLY 


tween the States he had been, first, 
medical cadet, then an assistant surgeon 
and then a surgeon in the 55th Massa 
chusetts Infantry. At the time of hi 
appointment to the original faculty at 
Cornell University he was an assistant in 
comparative anatomy in the Museum o! 
Comparative Zoology. But he professed 
no knowledge of entomology beyond the 
pittance of it to be had in a course in 
general zoology. That he was not far 
from being an entomologist himself. is 
shown by what he wrote about himselt 
for publication in the fourth edition of 
Who’s Who in America: ‘In 1863 [he 
discovered n{ea|r Charleston, S. C., a 
large spider (since named Nephila Wil 
deri by MeCook) from which while alive 
he reeled 150 vards of silk.”’ 

He published a number of small pa 
pers on spiders; and in the third issue of 
the Cornell Register, a list of donations 
to the University includes this item: ‘‘6. 
A collection of insects deposited by Pro- 
fessor Wilder.’’ 

By the end of his sophomore vear 
Comstock had made such progress with 
his studies on insects, and such an im 
pression for zeal and competence in all 
his work, that thirteen of his fellow stu 
dents petitioned the University faculty 
to allow him to give them a course of lee- 
entomology, with university 
Wilder approved the peti- 
The title that 
‘Lectures and 


tures on 
eredit. Dr. 
tion and it was granted. 

Comstock gave his course, * 
Field Work in Entomology,”’ 
that he meant to make the course prac- 
tical; that he was not content to have his 
pupils know insects only as dried speci- 
mens stuck on pins. He took his class 
afield for first-hand knowledge of what 
insects do; of the roles that they play in 
the world of life; how they get along 
together; and how they affect human 
interests. Many years later he told me 
that President White had charged him 
to keep ever in mind the interests of the 


indicated 


farmer. 
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(he first course was given during the 
ird term of the following year, his 
inior year. By that time the second 
permanent building of the University, 
\ieGraw Hall, had been completed, and 
Comstock was assigned a small room in 


ts square tower as his first entomologieal 


aboratory. 

The members of that class were Com- 
stock’s fellow-undergraduates. Among 
them were David Starr Jordan, Leland 
O. Howard, and William’ Trelease. 
Jordan wrote of the situation forty vears 
afterward: ‘‘I have to remember Com- 
stock as one of the very ablest of my 
students and one of the most inspiring 
We stood doubly 


teacher and student. 


of my teachers. 
in the relation of 
Comstock taught me all that I know 
and most that I have forgotten on in- 
sects, and I taught him the names and 
habits of the flowers of Western New 

York. We were boys in those days.”’ 
Dr. Wilder tanght Comstock academic 
decorum. He was insistent on gentle- 
manly conduct, and on the use of good 
English in written reports. He stressed 
tive characteristics of good scientific writ 
ing and called them ‘*The 5 great C’s’’: 
(‘orrectness, Clearness, Conciseness, Con- 
sisteney, and Completeness. His oft- 
reiterated warning to students who were 
preparing papers for publication was: 

‘Print in haste and repent at leisure.’ 
(‘omstoeck’s zeal for the study of in- 
sects did not kill his interest in other 
He eagerly attended the Uni- 
versity the 
distinguished scholars, whom 
White brought to Cornell as 
f his ‘‘non-resident faeulty.’’ 
were later called Visiting Professors. 
\mone them were James Russell Lowell, 
George William Curtis, Bayard Taylor, 
John Stanton Gould, and others of like 
prominence in America, and the English 
historian, Goldwin Smith, who soon be- 
ame a member of the ‘‘resident fac- 
Itv.’’? and a dear friend of Comstock. 


fields. 


concerts and lectures by 
President 
members 


ft his These 
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Koremost among these distinguished visi- 
tors in Comstock’s interest was the great 
naturalist, Agassiz, with 
whom Dr. Wilder had been closely asso 
ciated at Cambridge and at Penikese. 
wave a twelve 

tures in 1872 and 1873. At 


Cornell as elsewhere they won instant 


Swiss Louis 


COUrSsSe ot lee- 


Agassiz 
again in 
and enthusiastic interest, and eave an 
impetus to the first-hand study of nature 
lost His 


nature, not 


that has never been wholly 
startling “Study 
(not meant to be taken too liter 


advice: 
books’’ 
ally), was intended to rescue zoology 
from the bookishness of the schools and 
to put American students in the way of 
discovering facts for themselves by the 
use of their own eves. 

While at Ithaca Agassiz 
example as well as by 
climbed the hills and viewed the smoothly 
elaciated slopes that drop down to the 
deep blue lake in the valley. He walked 
the ° the streams 
searched their shoals for the 
fishes. Dr. L. O. Howard told me that 
he once came upon Agassiz, clad in a 
long black coat and rolled-up trousers, 
standing in the water in the rocky bed 
ot Caseadilla Creek in downtown Ithaea. 
He had just lifted a flat stone from the 
Seeing 


taught by 
precept. He 


shores: he waded and 


nests of 


water and held it in his hand. 
Howard, he said: ‘‘Come here, boy, and 
let me show you someting eenteresting. ’ 
It was the roof-stone from over the nest 
of the little sculpin fish called Miller’s 
Thumb that he held in his hand.  At- 
tached to the underside of the stone were 
that that little fish in 
manages to hang the 


the pearly eggs 
some Way from 
ceiling of its nest. 

Dr. Wilder watched Comstock’s prog- 
ress with a fatherly interest; saw that he 
was going ‘‘pretty fast and pretty far’’ 
on the basis of very limited experience; 
saw that he needed with the 
minds of those more experienced and 


And it 


work, 


contact 
more eminent in his field. was 


(‘Comstock *s 


doubtless in aid of 
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and on Dr. Wilder’s recommendation, 
that Charles Valentine Riley was brought 
to Cornell for a short course of lectures 
on entomology. 

Riley was then a young man. and al- 
ready amone the best-known of Ameri- 
can entomologists. He may have been 
the only one who was devoting his time 
to entomology and earning his 
There 


course, studving insects: 


wholly 


living by it. were others, of 
several physi- 
clans who obtained time for the study 
bv more or less neglecting their medical 
practice; and a few teachers who were 
pall for teachine other subjects and 
managed to slip in a little entomology 
on the side. But Riley was an out-and- 
out entomologist. He was widely known 
for publications that were well-written, 
beautifully illustrated, and based on aec- 


His 


nine Annual Reports on the 


curate and extended observations. 
series of 
Missouri was destined to be 


epoch-making in the history of economic 


insects. of 


entomology. 

Riley was a handsome man and a ready 
speaker. He was tall, slender, dark, and 
had the long flowing mustache of a bue- 
caneer. Tle had a pleasing approach, a 
ready pen, and a still more gifted pencil. 
With his endowment went 
also an artistit temperament and a flair 
listened 


as an artist 


for showmanship. © Comstock 


and learned; learned much about the 
way to present the results of his own 
studies to an audience, from the man 


who was in his day doing more perhaps 
than any other to teach the people that 
the study of insects is worthy of public 
support. 

After this contact with Riley, Com- 
stock was more than ever conscious of 
his own lack of training and experience. 
With the first summer vacation following 
Comstock’s first opportunity to 
sit at the feet of a 
Dr. Hermann A. Hagen had just been 
brought from Germany by Louis Agassiz 


came 


ereat entomologist. 


to take charee of the insect collections in 
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the Museum of Comparative Zoology 
Cambridge, Mass. Comstock hastened 1 
Cambridge to study with him. 

No happier choice of a master in ent: 


Havy 


powel 


mology could have been made. 
the height of his 
Ile was a great scholar, educated in t! 


was then at 


classies, well-acquainted with the whi 
range and history of entomology, an 
well-grounded in the field of morpholog 
that was at that time coming into marke: 
prominence. He was also entomology’ 
first great bibliographer. However, | 
had more complete command of severa 
other languages than he had of Enelis! 
I remember that Comstock told me that 
When he and Hagen sat down at opposit: 
sides of the little table over which cai 
most of the instruction of that marvelor 
summer, Hagen began by saying: 

“Do vou shbeak Cherman?’’ 

ae, ae.” 

“Do vou shbeak French ?”’ 

** No, SIP. 

**Do vou shbeak Latin?”’ 

“*No, sir.’’ 

**Vell den,”’ 


tion), ‘‘I euess ve vill half to shbeak En 


Sorry. she 


(with a sigh of resiena 


Come now and I vill tell vou some 


elish. 
tings vat | know aboud entomolochy.’’ 

So the work proceeded, with Hagen 
lecturing and making rapid sketches on 
loose sheets of paper that lay before hin 
on that little table, and Comstock listen 
ing and taking notes. 

New realms in the field of entomology 
were being opened to him, far and awa) 
bevond those with which he had alread) 
made himself familiar. Between sittings 
he expanded his notes, and he told me 
many vears afterward that he was stil 
finding these old notes very useful in the 
preparation of his own lectures. It was 
with some pride that he said, ‘SI was 
Hagen’s first pupil in America.’’ 

As from Wilder he learned methods 
of comparative anatomy, so now from a 
distinguished specialist in his own fiel: 
he learned morphology, and the impor 
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nce of collecting and studying the life 
stories of insects along with their adult 
ives. From this master bibliographer 
also learned much about how to deal 
th the infinity of detail that the study 
insects imposes. 
Then went 
aman of great competence in economic 
tomologyv. He went to Dr. Asa 
itech, the first state entomologist of New 
York, who was publishing excellent an 


Comstock for instruction 


see 
lal reports on the economic insects of 


state. Dr. Fitch modest, 
indly, scholarly gentleman, a country 


Was a 


doctor, who, while practicing medicine, 
id built himself a little museum in his 
wn dooryvard. In this little retreat he 
ept his collections and did his writing. 
(Comstock sat down with him there, and 
work. 


him about his methods of 


line as Fitch was as a student, investi- 


sked 


eator, and writer, he was not, like Hagen, 
born to be a teacher. When Comstock 
isked him how to study entomology, he 
said, ** You just sit down with an insect 
nd study it.’ 
(‘omstock also went to Yale, where he 
und no entomologists, but he was elad 
make the acquaintance of the zoolo- 
sts Verrill and Hyatt. He also took 
ilvantage of excursion to the 
Centennial Exposition in) Philadelphia. 
While there he spent most of his time at 
the Academy of Sciences, where he noted 


rates 


the fine library and large collection of 


ilult insects. He also noted the (at 
that time, usual) lack of their immature 
stages. 

The following vear he received his 


first regular appointment to the teach- 
ne staff of the University as an instrue 
or in entomology, and the course of his 
wh life for the future. He 
regan at once to build up a teaching col 


Was set 


tion of insects and thoroughly to ac 
‘uaint himself with the 
esources of the region round about 


entomological 
the 
hiversity. 

In the second term of Comstock’s senior 
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vear, Dr. Wilder was called away to give 
College. le left 


him and to 


a course at Bowdoin 
to substitute 
the 


invertebrate ZOOLOLN to a 


Comstock for 
course im 


10 


During this vear one of Cor 


eive lectures in regular 


class of 
students. 
nell’s distinguished visiting professors 
John Stanton Gould, 
Comstock’s zeal and industry, presented 
the Department of Zoology with its first 
ror 


takine note of 


microscope, especially 


His best optical equip 


compound 
Comstock’s use. 
ment up to that time had been a cheap 


low power pocket lens. This Microscope 


Was substantial aid. It was wonderful 
progress, when, a little later, he was 
authorized to go to Rochester and pur 


chase for his laboratory three compound 
mucroscopes. 
eraduation at 


Kollow Ine ( ‘omstock’s 


Cornell in June 1874, Charles V. Riley. 


who was then Entomologist of the U.S 
Department of Agriculture, asked him 
to investigate the depredations of the 
cotton leafworm of the South He went 


Ala This was his 


forthwith to Selma, 


first real labor in the field of applied 
entomology. 

That was the summer of a great vel 
low fever epidemic in the South. He 


spent it in the study of the life histors 
and habits of this very destructive cot 
the 


ma 


Vast are 
moth 


how 
little 


insect. Ile saw 
that an 


cause, and how great the need of public 


ton 


losses obscure 
support for the study of such pests 

In the winter of 1876 he 
to Florida to collect 


made a trip 


Insects In a new 
went up the St 
Johns River and time at It 
Reed where he collected diligently [le 
home: ‘* This richest 
mological field | 
And he predicted that many species new 


to science would be found in the material 


faunal ree@ion. Ile 


spent a 


wrote is the ento 


have ever worked.”’ 


he was gathering there. New species are 


still beme described occasionally from 
that material. 


In the spring of 1877 after his course 
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in entomology at Cornell was finished he 
gave a course of lectures on entomology 
at Vassar College on invitation of Pro 
fessor James Orton. 

In July 1878, he went again to Selma, 
Ala., to continue his field studies on the 
cotton leafworm. In the following Sep- 
tember he stopped awhile in Nashville, 
Tenn., with C. VY. 
prepared a 


Riley while they to- 
quarterly 
Comstock then returned to his place at 
Cornell, and sent L. O. Howard, his most 


vether report. 


advanced and one of his ablest pupils, to 
be Rileyv’s assistant in Washington. 

An overturn occurred in national poli- 
ties and Riley was dismissed from his 
Washington 
was appointed Entomologist of the U.S. 
Department of Agriculture in his stead. 


position in and Comstoek 


Comstock got leave of absence from Cor- 
nell Washineton for two 
years. interval William 
Stebbins Barnard carried on the course 


went to 
During 


and 
this 


in entomology at the University. 


THE WOMAN who assisted in the estab- 
lishment of the Department of Entomol- 
ogy in Cornell University, and who had 
a very large share in its success, was 
Anna Botsford. She was of Quaker 
ancestry and came from a good farm 
On 
the farm she acquired a lasting enthu- 


Her father was 


home in Cattaraugus County, N. Y. 


siasm for outdoor life. 
something of a naturalist, and a e@ood, 
Iler 


Was a 


worthy citizen. 
mother, Allen Botsford, 
woman of refinement; and the two gave 
their daughter a gentle upbringing and 


intelligent, and 


Susan 


a happy outlook on life. 

Anna_ Botsford 
she had the blessed habit of looking for 
She 


was socially eifted: 


vood qualities in evervone she met. 
was also a fine student, both of books and 
of human nature. When she arrived at 
Cornell in 1875 she was chiefly interested 
in Enelish and in history; but in order 
matter of her 


for a 


to balance the subject 


studies she signed up course in 
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Thus young Con 
She 
invertebrate zoology both interesting an: 


invertebrate zoology. 
stock became her teacher. foun 
informing, and she made a good recor 
in the She next 
Comstock’s much smaller class in fiel 
and laboratory entomology. Here Con 
Here she caught 
his enthusiasm for the study of insects 
Here began their field trips together 

many more of them, it so happened, than 
were on the class program. Happy days 
of further exploration followed, when 
climbed the hills 
tramped through the gorges about the 


course. enrolled 


stock was at his best. 


together they and 


campus; went canoeing on Cayuga 
Lake’ and on the flower-fringed bayous 
that meander through the Renwick woods 
at its head. Comstock had the haunts 
of insects in many interesting places to 
show her. So she began to share his 
interests. 

The country about Ithaca in that day 
offered a fine opportunity for field work 
in natural history. The campus was as 
vet little more than hilly woodland farm, 
with the teeming insect life of shady 
ravines all about its doors. Its nearby 
lakes and streams, its hills and valleys, 
its waterfalls and deep gorges, its upland 
bogs and lowland swamps, each had its 
share of the rich fauna and flora of the 
Finger The and 


dainty trailing arbutus could. still be 


Lakes region. shy 
found growing in places that later be 
came parts of the main quadrangle. 
The Cornell campus, lving as it does 
outspread on a terrace of the broad Kast 
Hill of Ithaca, 
known to all) on 
that 
waterfalls, plunge basins, and _ riffles all 


is bounded (as is. well 


sides by switt 


alternating 


two 


streams break into 


the way down the hill; Fall Creek on the 
north and Caseadilia Creek on the south 
ert 


day was perfect; a soft Spring haze covered th 


1A gem from Anna Botsford’s diary: 
hills, and the lake was so mirror-like that twe 
wild ducks swimming across it made a W that 


spanned half its width.’’ 
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le. On the high ground at the north- 
st corner of the old quadrangle beside 
‘staked 


‘ 


he Fall Creek gorge Comstock 

claim.’’ He obtained from the Uni- 
versity Trustees a long-term lease on a 
piece of ground there, and built a house 
nit. It fronted on East Avenue, and 
from the front there was a superb view 
i! Jake and valley and the distant, check- 
ered fields of West Hill. There were tall 
oak trees growing on the steep slope 
down to the gorge; trees that reached 
their long arms so close to the windows 
of the house that, looking out from them, 
one seemed to be in the treetops among 
the birds and the squirrels. And there 
was the low sound of running water com- 
ing up through the trees from a water- 
fall far down below. A cultivated 
varden was at the rear, and, an orchard ; 
and farms bevond the orchard. What 
a wonderful environment for two natu- 
ralists! They were married in October 
1878. 

The remainder of this narrative is a 
story of teamwork in edueation. 


THe Comstocks began housekeeping 
in their new home on the campus. Mrs. 
Comstock records that the first thing she 
had to do was to learn how to cook, and 
that her first pies were not a success; 
but that they were very happy. Soon 
they were working together across the 
quadrangle in MeGraw Hall on a report 
of his last season’s field work on the cot 
ton leafworm. 

Out of a clear skv came a eall to Wash 
ington. <As a result of a political over 
turn, Riley was out, and Comstock was 
invited to come to Washington and take 
his place in the U. S. Department of 
They were loath to leave 


Agriculture. 
their new home; but to a young assistant 


married, and living on a 
yearly salary of $1,000, working in a 
lew and little appreciated field of uni 
ersity interest, the eall to the top ento- 
mological position in a great Department 


professor, 


of the national government seemed a 
golden opportunity. In Washington he 
would have a budget of $5,000, a salary 
for himself of $2,000, with two paid as- 

Howard at $1,200, and 


and he 


sistants: L. O. 
Theodore Pergande at 
eould employ George Marx as an artist 
at $5.00 per day. So they went to Wash- 
ington. They took with them, very prop 
erly, the unfinished manuscript on the 
cotton leafworm, and there expanded it 
into the well-known Report on Cotton 
Insects. 

They found the office of the entomolo- 


$750 ; 


gist lacked a compound microscope. 
There was a Division of Microscopy then 
in the Department of Agriculture, and 
anything too small to be examined with 
had to be taken 


Comstock bought a 


the unaided over 
there for study. 


He also spent $200 of gov- 


eve 


microscope. 
ernment money for a Remineton type 
writer that is said to have been the first 
used in the Department of Agriculture. 

Before the report of cotton insects was 
out of the way there came insistent de- 
mands from Florida and California for 
help in control of citrus insects, and 
Comstock and Howard began a general 
investigation of them. Soon 
became aware that he needed to see the 
field, and he 
work in the 


Comstock 


situation in the 
Florida for field 
Mrs. Comstock staved 
She 


eveneral 
went to 
orange @roves. 
in the office to keep thines going. 
attended to the correspondence of the 
office, writing letters first in longhand, 
and then on the typewriter, after she 
had 
and filed her husband’s field notes, and 
She dis 


learned to use it. She also typed 
made drawings for his reports. 
tributed silkworm eggs to 120 applicants 
who wanted to assist in an experiment 
at silk culture in America, and she did 
whatever else the situation demanded. 
Later Comstoek made a trip to south- 
ern California, with the same objectives 
There he did the 


was to be based a 


and for a longer stay. 


field work on whieh 
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report on scale insects that was destined 
to be one of the outstanding documents 
of economic entomology. It was. re- 
printed in 1916 as a Bulletin of the Cor- 
nell University Experiment Station. 

It is not for me to try to tell the story 
of the strugeles of the office in Washine- 
ton to keep up with the nation’s grow 
ing demand for help on insect problems. 
That story has been committed to writing 
Mrs. 
Comstock, which is still unpublished. 

After Washineton 
other political shuffle brought a new head 
to the U.S. Department of Agriculture 
or ©, V,, 


and reappointed to his former position. 


in a biographical manuseript by 


two vears in an- 


Riley was restored to favor 


Comstock was out, but an equitable ar- 
rangement with him provided for con 
tinuing his pay until completion of the 
hand, and for their 
Dr. How 
ard stayed on in the office as Riley's 


reports he had in 


proper publication thereafter. 
assistant; staved for a distinguished 
career as Chief after Rileyv’s death. 

In the two vears at Washington Com 
stock had made contact with the princi 
the 


Ile had widened his own horizon 


pal insect problems of nation at 
large, 
by travel. Ile had acquired some useful, 
knowledge of how the 
the 
service were peddled about in his day 
felt 


limited by a return to a position in which 


if disappointing, 


scientific positions in vovernment 


by the politicians. If he himself 


he eould command lesser resources, he 


expressed no disappointment. Quite the 
Just before leaving Washine 


had re 


contrary. 


ton he wrote to his wife, who 


turned to Ithaca earher: 
Ithaca with con 
We will 


give my students the best facilitics for obtaining 


We will take up the work ai 
fidence We will have a happy home. 
an entomological training that can be found in 
And we will do some original scien 

Just 
plan by which the students, after the first term, 
In that 


shall have a large corps of assistants and they 


the world, 


tific work. now Loam at work on a 


will do original scientifie work, 


way | 


will vet the best of training. 


SCIENTIF 


IC MONTHLY 


Ar [rnaca, White Hall had been con 
pleted during his absence, and he wa 
given greatly enlarged quarters on th 
floor. He now 
lecture room, and a separate laboratory 
He had a telephone installed in his offic: 


second had an office, 


one of the first on the campus, and 
He had cabinets built aft 
his own design, to hold insect cases, wit! 


tyvpew riter, 


enough space in them for large futur 
collections. He inaugurated the systen 
how in general use, of keeping his pinne: 
specimens in glass-topped cases 
This 


vided for easier rearrangement, and. thi 


insect 


pinned to movable blocks. pro 


interpolation of new material without 
the necessity of repinning the specimens 

He returned eagerly to teaching. Be 
the course 
zoology that he inherited 
Wilder, he had a ¢lass of twenty stu 


And in the sprin 


in invertebrat 
Doctor 


sides large 


from 


dents in entomology. 
he took on a new course in apicultur 
in Which seven students enrolled. 

Krom the beginning he gave his stu 
dents in entomology all the field) work 
that the 
academe 


hour-limitations of th 
His 


pedagogical procedures do not appear to 


strict 


program would allow. 


have been standardized as yet, for lhe 
made a class exercise out of the cuttine 
of a bee tree in the woods at night, get 
out the honey, and luring the bees 
And 
his own personal invitation) 


White 


went alone as spectators ! 


tine’ 


into a box. hive. (doubtless at 


President 


and Professor Goldwin) Smith 


Ile spent part of a summer vacation 


in bee-tree hunting and in trout fishing 
His hunting was not so much for honeys 
the 
the bees in the air, and their homing in 
With a 


single bees from their feeding places, as 


as for more knowledge of ‘vays ol 


stinets. keen eye he followed 


they wheeled away and swiltly disap 
peared. Then he followed lines of bees 
onward ina straight course to their home 
in a hollow tree. 

After finishine his report on the Coe 
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(seale insects), along with which 

Dr. Lloward’s report on their para- 

s, he began the preparation of a text- 

k for the use of his classes. He built 
from the ground up, basing it on ma- 
rials that his students could see and 
andle. He gave his keys for insect 
rmination the severe test of repeated 
beginning students, and he re- 
them again and again, always 
for simplicity and clearness of 


R DY 

ised 
ne 

atement. 


aim was, and continued to be 


His 


intil the end of his teaching, to have a 


ltl 


sic course in general entomology, from 
ch later specialization might proceed. 


ter mastering the fundamentals in 


this course his students could specialize 


He began to 
library 


heart’s content. 
entomological 


their 
‘umulate an 
h the same regard for essentials. 

Then he got an insectary, the first of 
I recall that he once told me 
Kor SevV- 


Ss kind. 
th great glee how he got it. 
years he had been hinting to the 
ministration that he needed a build- 
rin which he eould keep living insects 
ler observation. Professor I. P. Rob- 
‘ts, then head of the Department of 


\ericulture at Cornell (not yet a col- 


called him into the office one day 
‘*There is an unexpended bal- 
900 in my fund. It will lapse 
used before the end of the fiscal 
If 


i can get your bug house up and get 


Ce), 
| said : 

of $2 
hot 
ar. That is six weeks from now. 


e bills paid in six weeks you can use 
money.”’ 
Comstock leapt to the occasion. He 
the plans for the building that 
ht, but not, of course, without much 
forethought; staked the 
ind for it next morning, and got the 
rk of exeavation going next day. The 
ding started a few days later. It 
completed almost on time, and by 


out 


Previous 


private arrangement with reliable work- 


n, he had the bills all in and paid by 
end of the fiscal year—a plain case 
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in which the law was ‘‘more honored in 
the breach than in t 
when | 


he observanee.’’ 


he 


vot for the money: a two-storied head 


lI am amazed think what 


house with a two-seection standard green- 


the the | 


house in rear; in head house, 
four large rooms, two on each side of a 


central stairway, and steam furnace and 
toilet in the basement; in the gre 
walter, 


nhouse, 
hot and eold sections, steam, and 
eas! 

One room on the second floor was as 
who, in return for 
its use, he building. A 
lone suecession of budding entomologists 


Ol 


- } ica ‘ 
signed to a stuacent 


took eare of 1 


room, one whom 


that 
later 
Agriculture. 


came to occupy 
(Stocking ) 


the College of 


years became acting 
dean of 

The inseectary was located well back of 
Comstock’s house between the woods and 
the its lack of o1 
tion did It 
service, not for appearance. 


varden, where lamenta- 


was built 


not matter. 
some of the most important work done 1 
entomology during two generations. 
Comstock was now equipped 
the rising tide of 


interest 


in entomology, 1. But 


so he pushed ahead. 
his alloted space in White Hall was be 


advantage of 


coming erowded 


inadequate. It was 
with students and accumulated teaching 
aids. The equipment for photography 
t hand for use 


ad 


ap 


that he had to have near a 
that of 
by 


spa 


in his own research and in 


vaneed students he squeezed in 
eoOnoNn iy ine ee, 


plying his wits to 
Kor darkroom use he 
closet, equipped it w 
water, and shelves 
which everything need 
from the middle of the 

a with ree 


The operating table 


a bulky camer 


his own that every 
It was wid 


the big camera and lon: 


of 
will remem 
to carry 
\’ + 


for full extension of its 


lows. It was high enough 


own convenience when 
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while focusing; taller persons had to 
stoop. On it sat the camera perpetually, 
under a shroudlike sheet of black cotton- 
flannel, that served as a focusing cloth 
while in use and as a dust cover between 
times. Underneath was a built-in stor- 
age compartment in which 
were kept: plateholders and kits for 
elass plates of various sizes (it never 
knew films). It stood in a corner by the 
closet against the wall. It was rolled 
out on its own casters for use when no 
class was occupying the room. It saw 
ereat service. 

Meanwhile Comstock’s publications 
were winning for him high professional 
standing. His Report on Cotton Insects 
brought letters of congratulation from 
entomological and others. 


accessories 


colleagues 
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Especially appreciated by him were tw. 
of the letters commending it, one from 
his master in entomology, Dr. Hagen 
and one from Charles Darwin. When 
his report on the Coccidae appeared it 
became at once the standard reference 
work for students of the scale insects 
the world around. 

He was invited to join the editorial 
staff of the American Naturalist, and 
for three years he edited a section on 
entomology in that journal. He 
wrote articles on insects for the Stand- 
ard Natural History. He 
queries about insects for several agri- 
cultural journals; and he appeared more 
or less regularly for an address before 
the annual meetings of the New York 
Horticultural Society. 


also 


} 
answered 


(To be concluded) 


AN URGENT MATTER 


After almost one hundred years of exis- 
tence as the over-all scientific association of 
this country, the A.A.A.S. finds itself choked 
by its own growth (see pages 127-130). The 
officers of the Association do not have time 
to give the attention to the campaign for a 
building fund that it deserves. We hoped 
that our members and friends would recog- 
nize our plight without repeated reminders 
and take action on the merits of the case as 
presented in our prospectus. Many have 
done so, but many more have not yet con- 
tributed. May we suggest to those who have 
contributed that they do what they can to 
persuade others to contribute and that they 


find out whether their own affiliated societie 
could not contribute from their permanent 
funds as the American Association of Eco 
nomie Entomologists did at its December 
meeting in Dallas, Texas? Members who 
are employed by commercial 
should also see the officers of their companies 
and point out that their Association is in 
danger of bogging down. 

To those who have contributed to the cen- 
tennial building fund we are extremely grate- 
ful, but we hope that they will not be satisfied 
until they have used every means of persua 
sion on every prospective contributor whom 
they can approach.—F.L.C. 


laboratories 





CASTE, CLASS, AND COLOR IN INDIA 


By S. CHANDRASEKHAR 


DEPARTMENT OF ORIENTAL STUDIES, UNIVERSITY OF PENNSYLVANIA 


CASTE, as a social institution, is not 
peculiar to India. Throughout the ages 
all societies have divided their people 
into various groups on grounds of par- 
ticular traits and talents, equipment and 
ypportunity, character and culture. And 
when such groups pursued their particu- 
lar ideals and professions to the entire 
neglect of other groups’ interests, they 
tended to grow up as isolated, individu- 
alistic, and even mutually antagonistic 
units in the same society. Nevertheless, 
only in India did such broad divisions 
of mankind erystallize into a code and 
an ethic which govern and dominate 
every detail of the workaday life of 
particular groups. 

Once these divisions, based on indi- 
vidual and group tastes, traits, and tal- 
ents, were effected, occupational and pro- 
fessional differences strengthened them 
even more, for the fact that one kind of 
occupation was more lucrative than an- 
other led to economie differences which 
became yet another prop of the caste 
system. And, human nature being what 
it is, it beeame common for the son to 
follow his father’s profession. Conse- 
quently occupational differences became 
hereditary. Thus birth and occupation 
became the twin basie principles on 
which the easte system in Hindu society 
rested and revolved. 

In the course of some centuries an 
elaborate code of conduct affecting meals, 
migration, marriage, and morals came to 
be drawn up. Later centuries added 
further ramifications pertaining to cere- 
monial purity and pollution, commensal 
restrictions, connubial taboos, unap- 
proachability, and even untouchability. 
To the original basic principles of birth 
and occupation were added heredity and 
endogamy, and the subsequent develop- 


ment of caste has rested on all these four 
attributes. The result is that today In- 
dia’s caste system has become a complex 
and irrational system, defying all classi- 
fication. 

This does not mean, however, that the 
caste system is a rigid, static institution 
persisting in a society where the need 
for it has vanished. On the contrary, 
it has been dynamic, but only to the 
detriment of India’s national growth. 
Whereas the caste system, at its incep- 
tion, recognized only four or possibly 
five divisions, based on the essential four- 
fold or fivefold functions in a primitive 
rural economy, today the system has di- 
vided and subdivided itself to such a 
profuse and alarming extent that about 
3,000 castes have enumerated in 
modern India; and new castes are in the 


Thus 


been 


process of formation even today! 


the popular supposition that caste is im- 


mutable is erroneous. On the contrary, 
it is and has always been susceptible to 
change at the slightest pretext of altered 
social conditions. This change has been 
highly unhealthy, for it has led to end- 
less segmentation of Indian society. 
Several factors have contributed to 
this interminable fission, such as change 
in occupation (usually from the lower to 
the higher), 
abandonment of an old religious prin- 
ciple or social custom, or merely in- 
creased prosperity leading to further 
gradations of economic equality. De- 
spite these qualifications, caste in theory 
must be explained largely in terms of: 
(a) an unchangeable ‘‘social inequality’’ 
based on birth; (b) the gradations of 
the professions and their inequality ; and 
(c) the restrictions on marriage outside 
Change in 


adoption of a new or the 


one’s own group or caste. 
occupation, however, is the primary fac- 
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tor that creates new castes in rural India, 
even today. 

Keeping all these attributes in view, 
we may define caste in India as an en- 
dogamous group or collection of endo- 
gamous groups, generally bearing a com- 
mon name, membership of which is 
hereditary, imposing on its members 
certain restrictions in the matter of so- 
cial intercourse; either following a com- 
mon traditional occupation or claiming a 
common origin; and generally regarded 
as forming a homogenous community. 


The Origin of Caste. Several theories 
have been put forward to explain the 
origin of caste. The one hypothesis on 
which there seems to be most agreement 
among sociologists explains the genesis 
of caste as an outcome of the clash of 
cultures: In the dim past, at a time 
which may roughly be called the pre- 
Vedic period, a tall, fair-skinned people 
inhabited central Asia. While trekking 
in search of food and a new habitat, they 
entered India through the northwest 
frontier passes. These incoming ‘‘Ar- 
yans’’ had no easte system as such, but 
they recognized three broad functional 
divisions in their own society : the priests, 
who offered prayers and performed sac- 
rifices; the chieftains and soldiers, who 
fought in battle; and the rest, who, al- 
though normally nomadic, sometimes 
plowed the fields and raised food. Soon 
these newcomers began to move into the 
interior of India, eastward toward the 
Gangetic Valley, where several Hindu 
kingdoms were then flourishing. [n- 
creasing in numbers and constantly mov- 
ing in search of shelter and sustenanee, 
these new arrivals inevitably clashed 
with the original inhabitants. And in 
the eyes of these newcomers the indige- 


Wars 


hous peoples seemed uncivilized. 
were waged and the neweomers gained 
what should roughly be called ‘‘ political 


eontrol’’ in parts of India. Then, when 


these two groups of people, culturally 


alien, settled down to live side by side, 
marriages, both approved and unap- 
proved took place. Each culture-group 
tried in vain to maintain its so-called 
racial purity. The ultimate result of 
this anxiety to safeguard the conflicting 
group cultures was the caste system. 

On account of certain stray references 
in the writings of the period to the “‘fair- 
Aryans and the 
inhabitants of 


skinned’’ incoming 
‘‘dark-skinned’’ native 
India, some scholars have jumped to the 
conclusion that caste originally 
based on Varna Bheda, or the difference 
in color. But neither cultural antago- 
nism nor color alone can explain the 
origin of caste, because four castes based 
on vocational differences soon came into 


Was 


existence. 

Another hypothesis was advanced by 
Sir Edward Blunt, who implies that the 
caste system was imported into India by 
the invading Aryans. Moreover, he also 
emphasizes the color bar, which, he be- 
lieves, created an endogamous tendency 
that developed into a rigid custom. It 
is his theory that the Aryans were al- 
organized into three 
the Kshatriya nobility; the 
Brahmin priesthood; and the Vaisya 
ecommonalty. The intermarriage that 
did oceur with the indigenous race pro- 
duced a fourth class, Sudra. 

This hypothesis is untenable, for it 
does not explain how the Aryans them- 
selves came to have three castes before 
they came to India, and why, if the first 
three castes were Aryans, these groups 
do not intermarry or even interdine. 
Nor does this analysis explain the fact 
that there is no mention of caste in Vedic 
According to Professor Max 


ready socially 


classes: 


hymns. 
Miller: 


There is no authority whatever in the hymns 
of the Veda for the complicated system of 
castes. There is no law to prohibit the differ 
ent classes of the people from living together, 
from eating and drinking together; no law to 
prohibit the marriage of people belonging to 
different castes; no law to brand the offspring 
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such marriages with an indelible stigma. 
rhere is no law to sanction the blasphemous 

etensions of a priesthood to divine honors or 

' degradation of any human being to a state 
below the animal, 

Most Indian scholars agree with the 
theory of the French scholar Senart. 
After a comparative study of Aryan in- 
stitutions in ancient Greece, Rome, and 
India, Senart concludes that caste was 
the Aryan answer to the problem of cul- 
ture contact. He believes that when the 
Aryans penetrated into northern India 
they met with a ‘‘race’’ alien to their 
own culture and character; and the con- 
sequent anxiety of the Aryans to pre- 
serve their ‘‘racial purity’’ in addition 
to the distinction between conquerors 
and conquered led to the demareation of 
their own people from all other people. 

Were this the true explanation, there 
would be only two castes, the rulers and 
the ruled. Although the fact that 
“higher eastes’’? form only a small mi- 
nority of India’s population might seem 


‘ 


to support this view, how can we explain 
the absence of castes among later in- 
vaders from the Moslems down to the 


British? Furthermore, this view also 
ignores how a small minority—the Brah- 
mins—who were not rulers, achieved 
social superiority in northern India. 
According to Senart, the conqueror or 
ruler should constitute the highest caste, 
but in the existing easte system it is the 
Brahmin priest who is above the ruler. 
Moreover, Senart’s theory does not ex- 
plain the all-important fivefold divisions 
of society based on occupational differ- 
ences. 

All these surmises about the origin of 
the easte system being found in an in- 
herent Aryan-Dravidian conflict are not 
only highly unreal but are sharply in 
contrast with our modern anthropologi- 
cal evidence. As Professor S. Radhak- 
rishnan points out: 

The system of Caste is in reality neither 
Aryan nor Dravidian but was introduced to meet 
the needs of the times when the different racial 


types had to live together in amity. The only 
way of conserving the culture of a race which 
ran the great risk of being absorbed by the 
superstitions of the large numbers of native 
inhabitants was to pin down rigidly by iron 
bonds the existing differences of culture and 
race. Unfortunately this device to prevent so- 
cial organization from decay and death ulti 
mately prevented it from growing. 


Although Professor Radhakrishnan ap- 
pears to come closer to the truth as we 
see it, it is not clear what he means by 
‘frace.’’ Are we to presume that some 
five ‘‘races’’ came into India and were 
rechristened as five castes; or was caste 
merely the ancient Hindus’ passion for 
labeling professional and ethnic groups 
of people? 

Although there is no denial of the 
¢crains of truth contained in the various 
hypotheses, neither cultural antagonism 
nor ‘‘color’’ alone can explain the origin 
of caste, and we must seek elsewhere for 
a more logical explanation for the origin 
of the Hindu caste system—one that will 
explain the divisions into four groups 
based on professional or vocational dis- 
Perhaps, with the develop- 
India 


similarities. 

ment of group 
. a 

and the consequent desire to end the 

social anarchy and confusion of a small 


consciousness in 


primitive society, some self-chosen group 
leader deliberately planned a division of 
labor. The need for worship and the 
love of colorful ritual would have created 
the necessity for a class of clever men 
who would officiate as priests and propi- 
tiate the gods. The need for an army 
or police would have created the second 
class. The need for exchange and barter 
would create the third; the need for rais- 
ing food, the fourth. Originally there 
would have been no question of superi- 
ority or inferiority. Even the Pancha- 
mas, the fifth class, composed of those 
who had no tastes and talents for any- 
thing but menial labor and so were as- 
signed to do the cleaning and serubbing, 
Sweeping and washing, would not have 
been looked down upon. Thus at the 
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beginning everyone chose his vocation 
on the basis of ability, inclination, and 
aptitude. 

In the course of centuries, these oceu- 
pational groups lost their elasticity and 
mobility and tended to become inflexible. 
The son of the Brahmin priest became 
a priest, and the son of a Panchama 
sweeper became a sweeper; the hallmark 
of caste became birth and heredity. And 
now the priest, who took two baths every 
day in the nearby river to be ceremoni- 
ally clean before he stepped into the 
sanctum sanctorum of the Hindu temple, 
did not think much of the Panchama 
sweeper who was externally unclean. 
Human nature being what it is, marriage 
among members of the same professional 
group became common. And we can 
understand why sometimes the daughter 
of the Brahmin priest refused to marry 
the son of the Panchama sweeper, and 
vice versa. It was thus that endogamy 
became an additional principle of caste. 
This, to us, is roughly the genesis and 
growth of caste. 

The conversion of this originally elas- 
tic system, after a long stretch of time, 
into a rigid order based on birth and 
heredity, with commensal and connubial 
restrictions, does not seem so absurd 
even in the light of modern conditions. 
This is not a defense, for there can be no 
rational defense of caste, but a descrip- 
tion of these restrictions. In other 
countries there are parallel restrictions, 
less rigidly defined perhaps, but existent 
nonetheless. Let us look at the West 
through the eyes of George Bernard 
Shaw: 


Suppose a middle class British mother said 
to her daughter, Miss Smith or Miss Jones, 
“‘Follow the promptings of your heart my dear, 


and marry the dustman or marry the duke, 
whichever you prefer.’’ But she cannot marry 
the dustman; and the duke cannot marry her, 
because they and their relatives have not the 
same manners and habits; and people with dif- 
ferent manners and habits cannot live together. 
And it is difference of income that makes a 
difference of manners and habits. Miss Smith 
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and Miss Jones have finally to make up their 
minds to like what they can get, because they 
can very seldom get what they like; and it is 
safe to say that in the great majority of mar- 
riages at present, nature has very little part 
compared to circumstances. 


Exceptions to this general tendency of 
social immobility in marriages are not 
wanting in modern democratie¢ countries, 
but they are not frequent. We do 
not find every day a king marrying a 
commoner or a duchess marrying her 
chauffeur. 

As for Hindu commensal restrictions, 
Western parallels are not wanting either. 
It is true that a Brahmin priest does not 
break bread with a Panchama sweeper, 
nor does a Sudra peasant pour a cup of 
tea for a Vaisya trader. This is nothing 
more than the Western social custom— 
or snobbery, if you please—that forbids 
the parlormaid to sit down in your draw- 
ing room or prevents your asking the 
gardener to dinner. True, these modern 
analogies do not go on all fours. Citing 
these Western parallels to explain caste 
may seem as if we were confusing the 
Western class system with the Hindu 
caste system. We are considering caste 
in a fossilized state, centuries after its 
meaningful inception. But if the sys- 
tem originally was nothing more than a 
class system or a division of the people 
according to their primary occupations, 
how can we account for the hundreds of 
castes which exist today? The answer 
of the Indian scholar 8. S. Nehru is 
worth quoting: 

To understand the rationale and raison d’étre 
of caste and its place and function in rural 
economy, let us make the following hypothesis: 
If there had been no industrial revolution in 
England; if the struggle for existence in that 
island, which is geographically a unit but eco- 
nomically the reverse, had been less keen than 
it is; if the passive acceptance of life on any 
terms had smothered the inventive genius of the 
islander; if the brotherhood in arts and crafts 
had continued to guard their secrets jealously; 
if their principle had been accepted and ex- 
panded to include all rural professions and so- 
cial services; if the guilds and similar associa- 
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tions had been armed with dire sanctions in the 
way of forbidding vis-A-vis others such as inter- 
course, interdining, intermarriage, wherewith to 
keep their membership economically, profes- 
sionally, socially entire; if the watertight com- 
artments created and fostered in that way had 
ontinued to accumulate traditions like a dead 
weight to retard their otherwise healthy growth; 
if the cleavages of such bodies became more and 
more acute and the linkages correspondingly 
less and less firm, in course of time— 

Why, then England too would be having a 
caste system quite as strict and complicated as 
any in India today. The artisans and crafts- 
men, the butcher and botcher, barker and baker; 
the carrier and cartwright and cowherd and 
eutter; the dyer and dustman and dairyman; 
the farrier and fowler and furrier and fuller; 
the grocer and goatherd and gardener; the 
harper and hawker and hatter; the joiner and 
jeweller and Jewish money-lender; the kitchener 
and knocker; the knacker and launderer; the 
minstrel and mason; the oilman and oxherd; 
the pursuer and poacher and pastry cook; the 
quarryman and collier; the squire and scrivener, 
salter and saddler, sweep and stonecutter; the 
tailor and tinker; the vintner and vagrant; the 
woodman and watchmaker; the yoeman and 
yokel—briefly told, all these categories from A 
to Z of human activity in the social economy 
would be developed into castes, each living and 
working in his own watertight compartment, 
hermetically sealed and cut off from the rest, 
and then the English castes would be quite as 
numerous as the Indian castes in any given 
rural area. 

Such in brief is the genesis and growth 
of caste as a social institution in India— 
the child of the Indian or Hindu primi- 
tive efforts to run ‘‘society’’ on an ord- 
erly and systematized basis—if we can 
stretch our sociological imagination to 
the dim beginnings when ‘‘society’’ itself 
was being born in India. 


Evolution of Caste and Class in Mod- 
ern India. Caste in modern India is an 
example of social institutions that have 
developed almost to be the opposite of 
what they were intended to be. There 
is a tremendous gulf between what caste 
was planned to be and what it actually 
has grown to be. There is no doubt that 
caste in Hindu society was created to 
meet a definite need, although sociolo- 
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gists may disagree on what the precise 
need was. As originally conceived and 
practiced, it had no class consciousness 
and economic implications. It never 
pursued values in terms of rupees and 
annas. It recognized no snobbery of 
worldly power or prestige, for the first 
caste was composed of priests who were 
never wealthy. Nor was the vocational 
division strict and rigid originally, for 
Brahmins have been warriors and doe- 
The Maurya 


tors from earliest times. 
emperors were Sudras, and several prin- 


ces in India today trace their genealogi- 
cal line to Sudra ancestors. In fact, we 
read in the Puranas stories of individ- 
uals and of families who changed from 
lower to higher castes and vice versa. 
Manu, the Hindu lawgiver, admits the 
possibility of ascent and descent. The 
Mahabharata, one of the great Hindu 
epics, points out: 

There has been so much mixture in marriages 
that no test of jati (or caste) or birth is good. 
The governing consideration should be sila (or 
character) and the first Manu has declared that 
there is no point in distinctions of caste if 
character is not considered. 

According to the great Hindu scrip- 
ture Bhagavad Gita (The Song of the 
Lord), ‘‘The fourfold division of caste 
was created by me (the Creator) accord- 
ing to the apportionment of qualities and 
duties. ... Not birth, not sacrament, 
not learning makes one high easte but 
righteous conduct alone causes it.’’ 

The creation of caste, as we have seen, 
had nothing to do with the Hindu relig- 
ion. Once the system came to stay, how- 
ever, the Hindu seized it, 
rationalized it, and gave it a metaphysi- 
eal and theological color, which to begin 
with did not distort the real purpose of 
easte. Despite all the religious injunc- 
tions that behavior and birth and 
belief should be the hallmark of easte, 
the lapse of centuries blinded Hindu 
society to the true nature and signifi- 
It became stratified and 


religionists 


not 


eance of caste. 
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rigid and fell a victim to the abuses 
against which it had been warned. 
Moreover, a philosophy was created and 
a rationale was evolved by the group 
consciousness of the first caste to sup- 
port the myth that caste was divinely 
ordained. They spread the insidious 
dogma that the status of every individual 
in this life and the caste in which one 
was born were determined by Karma, 
or one’s actions in previous birth. With 
interpolations such as these, the abused 
caste system was foisted upon an other- 
Hinduism. Hinduism 


wise innocent 


cannot be blamed for this social fragmen- 
tation any more than Christianity can 
be blamed for the present international 


anarchy. The masses were misled, and 
the gullible millions resigned themselves 
to a system that fettered them to myriad 
disabilities. And as wave after wave of 
foreign invasions reduced India to a life 
of constant peril and insecurity, these 
fissures in Hindu society became deeper 
and resulted in the fragmented shambles 
of the meaningless social structure that 
caste is today. 


Caste and Color. Some European and 
American scholars have tried to explain 
the Hindu caste system as the outcome 
of the contact and conflict between the 
alien light-skinned Indo-Aryans and the 
Dravidians, the original and older in- 
habitants of India. This might have 
been expected from Nazi Indologists who 
ean explain institutions they do not com- 
prehend only in the light of race prob- 
lems based on color. Is there any basis 
for this comfortable myth of certain 
Western scholars whose preoccupation in 
this regard seems to be the pigment of 
the skin? Since the Vedas mention 
Arya Varna and Dasa Varna, and the 
four supposed high eastes as Chatur 
Varna, and since Varna means, among 
other things, color, these observers have 
readily jumped to the conclusion that 
the caste Hindu was white and the out- 
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caste Hindu was black. Were we to ae. 
cept this, the logical absurdity must 
follow that the second caste must be red 
and the third yellow and so on. These 
scholars would like to think naturally of 
white Brahmins, red Kshatriyas, yellow 
Vaisyas, brown Sudras, and black Pan- 
chamas. But there was never a ‘‘race”’ 
problem in India in the scientific anthro- 
pological sense. The castes in India, 
therefore, do not represent 4,000 or 5,000 
different biotypes with as many shades 
of color beginning with black and ending 
with almost blond. Caste is not physi- 
cal and is not and was never based on 
color. 

The problem of the ‘‘untouchables”’ 
has often erroneously been treated as a 
separate problem by several writers. 
Caste and untouchability are not two 
different social institutions but are 
merely the two sides of the same counter- 
feit coin. They are indivisible, for 
when we have caste we naturally come 
to have the outecaste too. The outcaste 
is the logical corollary of the caste and 
as such must be approached as an in- 
tegral part of the caste system. 
only and the best way to abolish un- 
touchability is to abolish caste. We 
cannot destroy one phase of a sickly 
social institution and retain the whole. 
Gandhi once said that if Hinduism is to 
live, untouchability must die. And if 
the caste system lives untouchability 
cannot die. A quick and _ effective 
method for its abolition should and must 
be found. 


lhe 


Caste today. Caste has become some 
thing new. It is neither what it was 
intended to be nor even what it was a 
few decades ago. In theory the system 
and its restrictions do exist, but their 
sting has gone. Countless new, nation- 
building forees, both from within and 
from without, have set in. The result- 
ing disintegration has reduced caste in 
several regions of India to a ghost of its 
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Most vital of these forces 
have been Western education, modern 
lemocratie conceptions of equality, rapid 
means of transportation, increasing ur- 
banization, and gradual industrialization 
of the country. The influence of West- 
ern education has led intelligent people 
to wonder about the need for caste today. 
Happily, many of these progressive 
forces attacking caste have come from 
within. All social reformers who have 
attacked easte, from Raja Rammohun 
Roy to Mahatma Gandhi, have belonged 
to the Hindu fold. 

Roads, buses, railways and steamships, 
airplanes, telephones, the telegraph, and 
have begun to reduce India’s 
ceographical immensity to a tiny unit. 
Interprovincial migration, rural exodus, 
the growth of cities, emigration and 
foreign travel—all these are breaking 
down the barriers of caste. Industriali- 
zation is upsetting the traditional pat- 
tern of the occupational distribution of 
India’s population. 

To take up only one caste as an ex- 
ample, the Brahmins, the supposed Her- 
renvolk of Hindu society, can be found 
today in almost all occupations. Their 
monopoly of priesteraft and 
piety has vanished. They follow liberal 
professions, such as law, medicine, teach- 
and Government service from 
clerks to ministers of the cabinet. Some 
Brahmins are landowners, or mirasdars. 
Some have become peasants. There are 
Brahmin nonpolitical convicts, and there 
is actually an all-Brahmin criminal tribe, 
like the Tagris, on the upper Jumna. 

The same is true, for instance, with 
Sudras, the peasants who belong to the 


former self. 


radios 


ancient 


Ing, 
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supposedly high-caste Hindu _ society. 
Today they are found not only in their 
farming but 
in practically every other profession as 
Among them are doctors, lawyers, 


traditional occupation of 


well. 
professors, presidents, clerks, civil ser- 
cabinet 
even 


bankers, 


and 


vants, businessmen, 
ministers, 
priests. 
The influence of caste on occupational 
distribution has definitely vanished. 
The inevitable pressure of modern eco- 


Sanskrit scholars, 


nomie insecurity has forced the people 
to forget Manu’s injunctions and earn 
their living as best they can. No longer 
can it be strictly said that caste inter- 
feres with the economic life of the people. 
The driving behind present-day 
occupational distribution is ability, op- 


force 


portunity, and qualifications, not sociore- 
ligious stratified gradations of a bygone 
Today we f 
and 
maids, beggars and vagrants among all 


(y 
i 


era. nd priests and profes- 


sors, doctors lawyers, cooks and 


castes. The caste system has become 
metamorphosed into a class system—the 
haves and the have-nots. 

Yet in parts of rural India, in meals 
and marriages, caste restrictions do con- 
tinue even today. Intereaste dining and 
intereaste marriages are increasing, but 
they have not become the order of the 
day. Nevertheless, the people are realiz- 
ing that their caste prejudices are un- 
democratic and hostile to a healthy na- 
tionhood. the 
system has been struck, but as yet none 
But caste must and 


Many a blow at caste 
has proved fatal. 
will go. And the hastening of its end 
is the endeavor of young and progressive 
India. 
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By WARD SHEPARD 


IN THIs century of revolution, the 
world will be swept by social changes 
as vast and far-reaching as the techno- 
logical revolution of the past century. 
Fundamentally, the emerging social 
revolution—of which two world wars 
and a world depression were symptoms 
—revolves about the nature of man and 
of human society. Peoples are stirring 
to achieve a freedom, a dignity, and a 
way of life worthy of their status as 
human beings. Can these changes be 
scientifically guided as were the vast 
technological changes of the past cen- 
tury, or must they be left to the emo- 
tional clash of partisan politics and of 
pseudoscientifie ideologies? Can we 
achieve a science of society, can we learn 
to diagnose the spiritual maladies of 
modern man, can we build life-giving 
institutions which will release the great- 
ness that is potential in all men, can we 
define valid goals of collective social en- 
deavor that correspond to the actual 
spiritual nature and needs of man? Or 
must social reconstruction continue to 
be based on rules of thumb, hunches, 
guesses, and pseudosciences ? 

The answer hinges on whether or not 
it is possible to create a social science 
which, in the unique realm of human 
life, achieves the essential practical fune- 
tion of all science—namely, prediction. 
It is the predictive power of science that 
gives men some prevision and some con- 
trol over their destiny. Measured by 
this test, the social sciences have been 
highly deficient. Eddington has said 
that a physicist cannot but look with 
dismay on the disorganization of the 
This 


sciences pertaining to human life. 
disorganization grows out of the failure 
of the social sciences to achieve qualita- 
tive methods of assessing the values of 


158 


human institutions. Historically, under 
the impact of the ‘‘natural law’’ 
trines of the Enlightenment, the great 
quest of the social sciences was for a sys- 
tem of ‘‘natural laws,’’ modeled on the 
classic Newtonian concept, externally 
roverning the origin and development of 
human societies. In its heyday, Comte 
and Spencer were the philosophical in- 
terpreters of this quest and, in its de- 
cline, Spengler. With the recession of 
the rainbow of ‘‘natural law,’’ the social 
sciences turned to the useful, but not 
very illuminating, task of description, 
and at the same time cultivated a pose 
of moral neutrality toward the social 
phenomena they investigated. If, how- 
ever, the social sciences are to yield the 
qualities of prediction, evaluation, and 
control, they must expand their horizons 


doe- 


and create new scientific methods. 

The social sciences are confronted with 
a unique subject matter. In essence, it 
is the problem of human values. Human 
societies are what men make of them. 
Theoretically and _ historically, their 
diversity, good and bad, limitless. 
What is a good society and a bad society, 
a good institution and a bad institu- 
tion ? If the social sciences cannot 
evaluate social institutions, then in this 
age of unprecedented whirling change 
the fateful decisions of world social re- 
construction must be left at best to 
benevolent amateurs and at worst to 
dangerous ideological demagocues. 

In this day of Armageddon, the last 
place in the world one might expect to 
find the clue to a science of society would 
be in a study of the ancient Hopi Indian 
villages, high on their sun- 
drenched crags in northern Arizona. 
Yet a fascinating little book, The Hopi 
Way, published by the University of 


is 


perched 
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Chicago Press, and written by Dr. Laura 
Thompson, anthropologist, and Dr. Alice 
Joseph, psychiatrist, boldly and success- 
fully attacks this central human theme: 
What kind of values does a given human 
society foster, how does it foster them, 
and what human personalities emerge? 

In this article I have set forth the 
main conclusions of the authors of The 
Hopi Way and have accepted them at 
face value. But the broader interpre- 
tation of the significance of the new 
methods, as well as the conclusions on 
the philosophical implications of the 
Hopi way of life for modern society, are 
my own. 

Historically, the endless struggle for 
human freedom has been the instinctive 
quest of multitudes of men for personal 
fulfillment. The kind of people a society 
produces is the only fixed bench mark 
against which the validity of a society 
and its institutions and values can be 
judged. Neither historical perspective 
nor the elassical ‘‘natural law’’ myth 
affords any such fixed point of reference. 
The judgment of social institutions, and 
more particularly the projection of valid 
new institutions, against this bench mark 
will be the future field of the social sci- 
ences. The social sciences cannot con- 
tinue to take refuge in the neutral pose, 
the amoral attitude, of physics. For all 
human purposes, the cosmos is fatefully 
teleological and the ultimate task of a 
science of society is to evaluate human 
values. 

The Hopi Way pioneers boldly on this 
new path. In essence, it disentangles 
the reciprocal flow of forees to and fro 
between the totality of a society and the 
personalities of its constituent members, 
in order to weigh and value the kind of 
people that society produces. Scientifi- 
cally, it is of secondary importance that 
it happens to deal with the Hopi Indian 
community of northern Arizona, as part 
{a larger study of several changing 
Indian tribes. 
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I have had the privilege of reading in 
manuscript the second volume of this 
series, on the Navajo people, by Dr. 
Clyde Kluckhohn and Dr. Dorothea 
Leighton. This extraordinarily vivid, 


detailed portrait of Navajo society and 
Navajo personality struecture—both at 
almost opposite poles from the Hopi 


strongly verifies my main conclusion 
from the Hopi study: that in the Indian 
personality project a new and powerful 
tool of social and personal analysis and 
evaluation is being forged. ‘There is no 
intrinsic reason why the striking meth- 
odology applied to this small primitive 
group cannot ereat 
modern societies. 
to suggest that it be applied to a thor- 
oughgoing analysis of the historic and 
social origins of the fatal psychic break- 
down of the German people, in order to 
afford a scientific foundation for the 
Allied occupation and administration 
and for the long-range moral regenera- 
tion of the German people. 

There is, this little the 
fascination of discovery beyond scien 
tific pioneering. For the Hopi com- 
munity, subjected to an intense 
manifold scientific serutiny, turns out 
ideal republic,’ 
a pure, achieved democracy, intensely 
nurturing an ancient spiritual culture, 
intensely nurturing and socializing its 
And furthermore the unusual 
wisdom and the beauty of the Hopi way 
of life healing 
minds drenched in the terror and pity 
of world tragedy, the 
specter of vast unpredictable 


be developed for 
Indeed, I should like 


too, in book 


and 


sé ? 


surprisingly to be an 


young. 


contain a message to 
oppressed by 
and 
Even more, the Hopis, having 
long since mastered the fine art of cul- 
tivating the garden of human life, have 
much to tell us about the essential eter- 
nal values required for the sustenance 
of the human spirit. 

In their forbidding and picturesque 
desert, the Hopis have lived for cen- 
turies, and continue to live, largely iso- 


change. 
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lated from the great world. Living in 
several compact villages, with a total 
population of about 3,500 souls, they 
afford ideal conditions for a study of 
almost laboratory precision. Their cul- 
ture is self-contained, complete, and re- 
markably stable. It is colorful, rich, and 
spiritually powerful. It is highly com- 
plex, but its complexity is offset by the 
fact that its categories of order are pre- 
cisely organized and articulated into a 
singularly balaneed whole. Finally, it 
displays virtually none of the pathologi- 
cal symptoms that have disintegrated 
modern civilization. It is a society de- 
voted to intensity of living and to a 
sophisticated faith in man’s importance 
in the cosmos. 

The Hopi culture has developed and 
survived for over a thousand years 
against a background of drastically 
severe and precarious economie condi- 
tions. Food and water must be wrested 
with infinite skill from a semiarid land, 


subject to severe droughts, crop failures, 
floods, and, in recent times, soil erosion. 
Famine, through the centuries, has been 


an ever-present threat, and certainly 
often a grim reality. Yet the Hopis met 
and mastered the challenge of the desert 
both on the physical and on the social 
and the spiritual level. On the physical 
side, the desert foreed them to achieve 
a remarkably effective technology of dry 
farming. On the social level, it forced 
a democratic, cooperative social strue- 
ture which tolerated no waste of human 
energy and no individual self-seeking, 
and yet achieved a high degree of human 
freedom and individual development. 
And on the spiritual side, this starkly 
demanding earth-environment, which 
permits no negligence and no mistakes, 
yet yields reluctantly to precision, in- 
sight, and cooperation, may well be the 
ultimate source of the central philosophi- 
eal theme of the Hopi religion and 
world-view. The entire realm of nature, 
say the Hopis, in its farthest cosmic 
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sweep and through human society which 
is a part of nature, constitutes a system 
of reciprocal and mutually supporting 
relations, in whose working out the deci: | 
sions, actions, and even the thoughts of 
men play an important part. Thus, the 
‘‘primitive’’ Hopis anticipated by sey- 
eral centuries some of the main philo- 
sophical doctrines of James and White- 
head. Verily, among the Hopis, as 
among the ancient Hebrews, the stark 
clarity of the desert is more provocative 
of cosmic insight than the steaming jun- 
ele of industrial civilization. 

The most striking thing about the 
Hopi culture is the almost complete ab- 
sence of political government—a void 
that is filled by an extraordinarily com- 
plex, integrated, and autonomous system 
of social and personality controls. There 
is, to be sure, a modern Tribal Council 
fostered by the Indian Service, but it 
has as yet assumed little or no tribal 
leadership. And there are village chiefs 
and priests, whose main functions, how- 
ever, are concerned with the traditional 
religious ceremonies. There is no law- 
making body: the law is custom, and 
custom is the law. Looking at the world 
trend toward centralized bureaucratic 
government, one would expect in the 
almost literal ‘‘anarchy’’ of Hopiland a 
perpetual reign of chaos. On the con- 
trary, quite the opposite is true. The 
principle of order is implicit in the or- 
ganic structure of the total Hopi culture. 
This culture is based on the insight that 
freedom and order are indivisible and is 
devoted to the unfolding of personalities 
that know how to utilize, to fit into, and 
to sustain the subtly and _ intricatel) 
woven web of Hopi life. From birth to 
death the Hopi Indian is enmeshed in a 
complex system of interpersonal and in- 
tergroup relations, explicitly defined and 
fostered, yet yielding diversified, power 
ful, and stable personalities. 

This burden of social ordering is 
mainly carried by two institutions—th 
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‘amilial clans, which in turn are grouped 
together into larger systems or phratries, 
and the seeret societies, mostly for the 
men and boys. The funetions of these 
two institutions are diverse, though com- 
The clan is a widely rami- 


) 


mentary. 


fied system of mutual and clearly defined 


interpersonal obligations and_ rights, 
drawing people together for mutual sup- 
port through the powerful biological 
pull of kinship. It is within the family 
and the clan that children are rigorously 
trained from birth in the primal recipro- 
eal human duties, rights, and skills— 
defined ethical 
nothing to 


habitual, conscious, 
onditioning that leaves 
hance, yet ultimately relies on individ- 
ual deeision. The seeret societies, on 
the other hand, initiate the successive 
venerations of boys and young men into 
the higher ethical and intellectual pre- 
occupations of the tribe. They are, 
among other things, the custodians and 
carriers of the ancient, elaborately beau- 
tiful, ritualistic ceremonies. These cere- 
monies embody the high esthetic, re- 
livious, and philosophical values of the 
tribe. Year after year, generation after 
veneration, the Hopis devote an intense 
energy and a vast amount of time to the 
professional mastery and performance 
of these psychie dramas. Roughly speak- 
the secret societies and the cere- 
are the institutions of higher 
education as contrasted with what might 
be called the primary education centered 
in the family and clan. And, by cutting 
across e@lanship lines, they counteract 
any divisive tendeney among the clans. 

Within this highly structured social 
lramework the individual leads from 
birth a life that is oriented in minute 
detail toward a certain goal. That goal 
evocation of the individual’s 
power and devotion for the benefit of 
the whole group and the conscious dif- 
fusion of his loyalties among the great- 
est number of people. At the heart of 
Hopi culture, therefore, is a thoroughly 


Ing, 


monies 


is the 
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instrumented ethical principle which is 
almost diametrically opposite to the ego- 
centricity deliberately cultivated by our 
W hat 


kind of personality emerges from such 


acquisitive Western civilization. 


a culture so oriented? 
The method 
their study was to bring the various dis- 


soeciol- 


used by the authors in 


ciplines of anthropology, history, 


natural ecology, psychology, and 


bear simultaneously on 


ogy, 
psychiatry to 
determining how the total cultural ecom- 
plex, the nature-culture continuum, op- 
erates in shaping the individual per- 
sonality. The result is a dynamic, inte- 
grated picture of the total Hopi culture 
from the economy to the total world. 
view. Treating the 
static structure but as a dynamically 
the study 


culture not as a 
balanced system of forces, 
then proceeds to its main quest: what 
kind of human being emerges from this 
particular system, and why? 

A wide range of devices was used to 
get at the underlying personality strue- 
ture of the Hopi people. There are de- 
tailed psychiatrie case studies of many 
Hopi children, and a variety of psycho- 
logical tests applied to large groups, up 
to the age of 18, designed to reveal intel- 
ligence, emotional responsiveness, moral 
ideology, and a detailed picture of the 
basic personalities of the children tested. 
The results of then 
correlated with, and interpreted from, 
the characteristic operating forces of the 


these studies are 


whole eulture. 

The individual case studies reveal two 
the 
among 


highly significant things. One is 


diversity of personality 


ehildren . 


wide 
Hopi emotion, 
intellect, imagination, Indi- 
rectly, these results throw some light on 


diversity of 
behavior. 


the much-mooted question of the relative 
influence of environment and native en- 
dowment in shaping personality. Com- 
pared with ours, Hopi society is highly 
regimented; yet the stubborn inborn 
qualities of the unique individual per- 
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sist and come to fruition. A second find- 
ing is that personality maladjustments 
and warps arise in Hopi culture—and 
presumably in any culture—from the 
same types of environmental irregulari- 
ties, from which we may infer that the 
primal demands of human nature are 
biologically embedded in the mind-body 
complex and are inescapable in any type 
of culture. 

The various testing devices bring forth 
vividly the qualities of mind, imagina- 
tion, and character of the Hopis, and 
above all the values by and for which 
they live. The intelligence of Hopi 
children up to 18 (the highest age level 
of the study) was found to be markedly 
higher than that of white children, as 
measured by identical tests. They espe- 
cially excel in complex tests of the maze 
and puzzle variety. They reveal a ¢a- 


pacity to weigh the significant details of 
complex situations and to deal with such 
They 


situations as organized wholes. 
have, in short, a highly developed ea- 
pacity for ‘‘multidimensional”’ thinking. 
Unless one adopts the very improbable 
hypothesis of an innate intellectual su- 
periority, one is forced, with the authors, 
to believe that the Hopi Indians have 
developed outstanding and whole minds 
because the entire fabric of their lives 
from the precise fitting together of their 
rigorous agricultural techniques, through 
the intricately functioning clan and cere- 
monial structures, up to their cosmie phi- 
losophy of a reciprocally interacting uni- 
verse—deals incessantly with complex 
but balanced organic systems. 

The Hopi system of moral values is 
markedly different from our own. Per- 
sonal ambition for the sake of the self, 
for prestige, is virtually unknown, and 
personal failure or inadequacy carries 
little or no weight. Individual motiva- 
tions are directed outwardly toward the 
group, which probably accounts for the 
Hopi’s extraordinary oversensitiveness to 
group criticism. Mere acquisition is not 
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a Hopi incentive. Of all pleasure-giy- 
ing activities, work with the group—in 
household or field or ceremonial—ranks 
among the highest. Aggression toward 
others is looked on with extreme aver- 
sion. The very name ‘‘Hopi’’ means 
‘‘the peaceful people.”’ 

Yet the Hopi society is not a pure 
Utopia. The stress of the exacting phys- 
ical environment and of the still mor 
exacting social environment tells on the 
Hopi personality in a certain lack of 
spontaneity, often amounting to rigidity. 
A powerful, abstract, intellectual devel- 
opment has been gained at some loss of 
creative exuberance. Yet despite these 
stresses and strains, the Hopis are de- 
cidedly not a neurotic people. In fact, 
the Hopi personality is highly intelli- 
gent, balanced, rounded, stable, yet 
varied, richly developed, and frequently 
creative. It is also responsible, duty- 
bound, cooperative. It is overwhelm- 
ingly group-minded rather than 
minded. The Hopi has freedom—but 
freedom within the law. What he has 
sacrificed in emotional spontaneity he 
has gained in security and group sur- 
vival. It is something more than blind 
love of ancient ways that makes the 
shrewd and sophisticated Hopis resist 
the encroachment of white civilization. 
From their lofty sky-cities, they look 
down on us in more than the physical 
sense. 

The Hopis live richly, intensely, yet 
peacefully, and the substance of their 
lives is spiritual, not material. Has 
such a culture anything to offer to the 
modern distraught world beyond forti- 
fying the yearning of many for a primi- 
tive escapism? I think it has many 
things, of which I shall mention only two 
or three. The Hopi society is an ex- 
ample of extreme decentralization. Not 
only skills but ethical sanctions are in- 
ternalized in the individual to the point 
where the society can virtually dispense 
with coercive authority. The society is 


eo'0- 
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self-managing. Modern government and 
industry, on the other hand, have stead- 
ily abstracted powers from individuals 
and primary communities and lodged 
them in central bureaucratic hierarchies. 
In this ‘‘managed’’ society, the anony- 
mous standardized individual becomes a 

» or a serial number, with an unde- 
veloped mind and personality suitable to 
his insignificant role. Such a society, in 
its later degenerative phases, as fascism 
shows, can be held together only by ma- 
chine guns—and not very long. 

The Hopi society is organized to de- 
velop complete, rounded, stable person- 
alities devoted to the community rather 
than to the self. The Hopi people live 
intensely. Theirs is a pure democracy 
whose ehief concern is the attainment of 
human excellence. In material things 
the Hopis are poor, but not squalid. 
They are not oppressed by material 
luxury or the need of it. Their wealth 
is people, not goods. The simple rich- 
ness of their lives, the power of their 
minds, grow out of their preoccupation 
with the essential nature of things, with 
cosmic beauty and order, with the beauty 
of the earth and of the changing seasons 
and above all with the beauty of people 
and of human relations. The teleology 
of the cosmos, Whitehead has said, is de- 
voted to the unfolding of variety, inten- 
sity, and beauty. In its own way, the 
Hopi eulture exhibits these qualities in 
an organie community timelessly rooted 
in and flowering out of the order of 
nature. 

Since the Renaissance, Western man 
has been dominated, in all aspects of his 
life, by the econeept of egocentric indi- 
vidualism, fortified in more recent times 
by the doctrines of survival of the fittest 
and of automatie linear progress. These 
dominant Western concepts have played 
an important historic role in the devel- 
opment of science, technology, and our 
important but only half-realized ideals 
of democracy. Nevertheless, in their 
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final stages, they have been primarily 
responsible for the 
Western civilization, since they ignore 
the supreme nurturing function of so- 
ciety vis-a-vis the individual personality. 
Paradoxically, the frantic quest for ego- 
eentrie individualism ended by more and 


disintegration of 


more diminishing the individuality, the 
freedom, and the very souls of Western 
men. More and more they have been 
subjugated to the machines, the owners 
of machines, and the powerful central- 
ized state whose raison d’étre is to keep 
the machines running. 

Western 
ened by the fog of an unworkable mate- 


civilization has been dark- 
rialism which does not nourish the basie 
needs of the human personality. Its 
materialistic goals are Juvenile, recessive, 
atavistie ; the ‘‘abundant life’’ we visual- 
ized is trivial and thin. We have been 
building a pyramid civilization that has 
everything but a soul. It is therefore 
not surprising that our civilization has 
become predominantly psychoneurotie, 
and that modern men are filled 
anxiety, boredom, cynicism, and hope- 
Nor is it surprising that an 
economy devoted to egocentric material- 
and human _ exploitation 
ceased to function except for war pro- 
duction. The extraordinary paradox of 
modern civilization is that, as men have 
gained unprecedented scientific power, 
they have steadily lost self-respect, pride, 
and dignity. 
history has the human ego been so dan- 


‘ 


with 
lessness. 


ism almost 


Probably at no stage in 
gerously deflated. It is not only disil- 
lusioned about itself, but it even has the 
temerity to be disillusioned about the 


cosmie process. These are not the nor- 


mal symptoms of a healthy biological 


organism, nor is there anything visible 
in the nature of the cosmos to doom man 
perpetually to such a pathological out- 
They are the product of frustra- 
Our civilization is suffering from 


look. 
tion. 
acute spiritual anemia. 

No one would be so naive as to sup- 
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pose that a modern technological culture 
can adopt the ancient, prescientifie cul- 
ture of the Hopi Indians. But it 1s pos- 
sible for modern civilization to create a 
rich, manner of 
living, to reorient itself to the produc- 
tion of full human personalities, who in 
turn devote themselves cooperatively to 


selfless, intense social 


rreat social ideals of beauty and excel- 
lence. The modern analogue of the Hopi 
democracy is a completely cooperative 


democracy, which will not tolerate the 
subjugation of man by man and which, 


by subduing the economic system to an 
efficient but secondary role, will open the 
way for developing an intense, localized, 
diversified, essentially spiritual culture. 
All men are potentially great because all 
men share in the universal mind. The 
essential goods of civilization are its con- 
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stituent personalities. Human history 
does not toward some ‘‘ far-off 
divine’ event. Fulfillment of life is 
here and now: ‘‘Our road is also our 
goal.’? The burden as well as the privi- 
lege of life is that it must be lived fully 
and intensely, each creature unfolding 
its full potencies and fulfilling its own 
nature. The alternative is degeneration. 

The fateful choice of our civilization is 
not between guns and butter, but be- 
tween half men and whole men. ‘The 
Hopis cannot give us the blueprint for 
a new civilization, but they can instruct 
us in the nature of society as the nurtur- 
ing ground of whole men and in the 
essence of true democracy, in which the 
eternal and yet infinitely malleable sub- 
stanee of human nature is wrought out 
to its full beauty. 


move 


SAINT LOUIS 


From December 7, 1941 to August 14, 
1945, scientists were preoeecupied with war. 
Free neither to write papers nor to talk 
about their work, they had no time to travel 
to scientific meetings, few facilities for travel, 
and still fewer meetings to travel to. 

Meanwhile has been ae- 
quired; new applications of old faets have 


new knowledge 
been discovered; new techniques have been 
evolved; new equipment has been invented. 
The scientific atmosphere is charged almost 
journalistically 
appro- 


with the potential of the 
overworked atomic bomb, and it is 
priate to channel the pent-up energy into a 
scientific meeting. This is what the Associa- 
tion and many of its affiliated societies pro- 
pose to do at Saint Louis from Wednesday 
March 27 through Saturday Mareh 30, 1946. 

The meetings are predestined to be a sue- 
eess. Perhaps there will be few definitive 
papers dealing with the phenomenal scientific 
developments of the war; possibly the exhibi- 
tors will have trouble filling their booths in 
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the Auditorium with the latest gadgets and 
inventions, which are not yet in production; 
probably the overerowded trains and hotels 
will cause personal discomfort, and the dates 
of the meeting—the only ones available any 
where for a meeting of this size—will prove 
inconvenient. But for other and more basic 
reasons the Saint Louis meetings will be a 
throughout the nation 
have much to talk over—perhaps more in the 
lobbies than in the meeting rooms. The isola 
tion, the specialization, the pressure of th 
war years demand release through coversa- 


Scientists 


success: 


tion and discussion. 

Actually, the scientifie fare, from A. J. 
Carlson’s address of March 27 down to the 
smallest exhibitions in the Auditorium, gives 
But 
what guarantees success at Saint Louis is the 
resumption of scientific fellowship, the per 


sonal exchange of greetings, opinions, and 


every promise of being unusually good. 


experiences following the long and unrelieved 


H. A. M. 


years of war. 





THE DEVELOPMENT OF THE 
CONCEPT OF HEAT—I 


FROM THE FIRE PRINCIPLE OF HERACLITUS THROUGH 
THE CALORIC THEORY OF JOSEPH BLACK 


By MARTIN K. BARNETT 


Tue development of modern investiga- 
tions on the phenomena of heat is con- 
nected with two distinct notions as to 
the nature of heat, the one asserting the 
substantial (‘‘fluid’’) nature of heat, the 
other maintaining that what we perceive 
as heat is essentially a rapid vibration 
of the particles of the body which feels 
hot. It will be of interest to trace the 
history of these ideas, the roots of which 
are to be found in antiquity. 


The Greek Notion of Fire. The phe- 
nomena of combustion must have early 
excited wonder and speculation, but the 
first European to give the concept of 
‘fire’? a prominent position in a system 
of natural philosophy was the Greek 
philosopher Heraclitus (cir. 500 B.c.). 
However, as Windelband (1, p. 36) 
notes, when Heraclitus declared fire ‘‘to 
be the essence of all things, he under- 
stood by this not a material or substance 
whieh survived all its transformations, 
but just the transforming process itself 
in its ever-darting, vibrating activity, 
the soaring up and vanishing which cor- 
responds to the becoming and passing 
Hence, it would be a super- 
ficial view, indeed, which regarded the 
ire Theory of Heraclitus as the root of 
the phlogiston theory or the caloric hy- 
pothesis which flourished over a thousand 
vears later. Rather, in his conviction 
that all things are in a continual flux, 
that permanence is illusion due to the 
strife of opposites, he is closer to the 
kinetie view of heat. 

A much closer approach to the sub- 


away.”’ 


stantial view of heat is found in Em- 
pedocles’ (450 B.c.) four-element theory. 
He postulated as elements earth, water, 
air, and fire and thought that all change 
must consist in the dividing, intermin- 
cling, and separation of these fundamen- 
tal constituents, regarded as imperish- 
able, homogeneous, and 
The four-element theory gained great 
influence through its adoption by Plato 
(427-347 B.c.) and Aristotle (384-322 
B.c.), the latter, introducing 
an important modification, namely, the 
postulate that the elements may be trans- 
muted into one another by modification 
of their properties.’ 

Ellis (2, p. 76) thinks that earth, 
water, air, and fire of the Greek four- 
element theory correspond to the modern 
terms, solid, liquid, gas, and energy. 
With respect to the first three of these, 
we may agree with Ellis: all solids, all 


unchangeable. 


however, 


liquids, all gases were no doubt referred 
to as earth, water, and air, respectively, 
the generic terms not yet having been 
formulated. The the 
Greek fire-element with energy is, how- 
ever, the burning 
process, a bright fluid appears to emerge 
and it was no doubt this which Em- 
pedocles, and Aristotle after him, called 
‘‘fire.’’? On the other hand, the recog- 

1 Aristotle’s properties were hot, cold, dry, 
Of these, hot and dry, especially hot, 
and wet, 


identification of 


objectionable. In 


and wet. 
were supposed to belong to fire; hot 
especially wet, to air; cold and wet, especially 
cold, to water; and cold and dry, especially dry, 
to earth. By alteration of properties the one 
basic kind of matter could assume the form of 
fire, air, earth, or water. 


l 65 
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nition of the peculiar nature of this ‘‘ele- 
ment’’ is already evidenced by the fact 
that Heraclitus chose fire as symbolic of 
the principle of change and restless ac- 
tivity. Aristotle (1, p. 147) regarded fire 
as endowed with a peculiar centrifugal 
force, and Democritus (460-360 B.c.) 
considered the ‘‘fire atoms’’ to be the 
cause of life processes. 

Thus we see that in the Greek notion 
of ‘‘fire,’’? three ideas representing dif- 
ferent aspects of the combustion process 
are confused and they remained con- 
fused until modern times, when they 
finally received clear formulation in the 
distinct concepts of ‘‘quantity of mat- 
ter,’’ ‘‘quantity of heat’’ (or, more gen- 
erally, ‘‘quantity of energy’’), and 
‘‘available energy’’ or ‘‘motive power.’” 


Greek Atomism. In the meantime, 
there had developed another view of the 
which destined to become, 


world was 


many centuries later, the foundation of 


the kinetic theory of heat. That view 
was Greek atomism. We have already 
noted how Heraclitus, captivated by the 
manifold change and variety in nature, 
had asserted that the essence of reality 
was simply flux or continual change, 
symbolized by ‘‘fire.’”?’ On the other 
hand, Parmenides (470 B.c.), founder of 
the Eleatie School, adopting as his defi- 
nition of Being, that which fills space 
(corporeality), reasoned that, since non- 
Being can neither be conceived of nor 
exist, therefore there exists only one 
Being which fills all space. Further, 
Being, if it were to change, could only 
pass into non-Being ; because this is inad- 

2 As an element in the same category as earth, 
water, and air, ‘‘fire’’ is ‘‘matter’’; as identi- 
fied with perpetual process (Heraclitus), it is 
‘*quantity of energy’’; and as endowed with a 
peculiar force (Aristotle), as the ‘‘principle of 
disturbance’’ (Empedocles), as endowed with 
unusual mobility (Democritus), or as the prin- 
ciple of restless activity (Heraclitus), it corre- 
or ‘*mo- 


ce b 


sponds roughly to ‘‘available energy,’ 


tive power.’’ 


THE SCIENTIFIC MONTHLY 


missible, since non-Being does not exis‘ 
it follows that Being is eternal and w 
changeable, and that all change as we 
as qualitative distinctions, must be 
illusory. 

Democritus, the great systematizer of 
the Atomistic School, confronted with 
the opposition between the doctrines of 
Heraclitus and Parmenides, attempted 
to effect a compromise. He adopted 
Parmenides’ notion of Being, as a stuf 
whose sole properties are eternality and 
eorporeality (space-filling). But to ex. 
plain the world of changing phenomena 
so insistently emphasized by Heraclitus, 
he supposed this Eleatie Being divided 
into bits, scattered throughout 
empty space, and endowed with random 
motion. The continual flux of natural 
process, observed by Heraclitus, is noth- 
ing more, according to atomism, than the 
uneeasing coming together and disinte- 
eration of the atoms, which, to be sure, 
are assumed to differ in size and shape. 
‘All becoming, or change, is in its es- 
sence motion of atoms in space’’ (1, p 
43). 

However, it is only insofar as the 
kinetic theory of heat may be regarded 
as derived from the general notions 0! 
atomism that Democritus and his follow- 
ers may be regarded as the true fathers 
of the modern kinetie notions regarding 
the nature of heat. For when we in- 
quire how the Greek atomists regarded 
the phenomena of fire and heat, we find 
that these were attributed not to any 
particular state of motion or econfigura- 
tion of the atoms of a body but to the 
presence in it of a particular species of 
atoms, namely, the ‘‘fire atoms.”’ TI! 
‘*fire atoms,’’ says Democritus, consti- 
tute a particular kind of atoms, namely 
‘“the finest, smoothest, and most mobile.” 
This phrase ‘‘most mobile’’ may be inter- 
preted to mean that the ‘‘fire atoms’”’ 
were characterized by a greater velocit) 
than the other atoms. But the modern 
notion that an ordinary atom, by acquir- 
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ing through impacts a greater velocity, 
can become a ‘‘fire atom’’ is implicitly 

nied by Lueretius, the great popu- 
larizer of Greek atomism, when he states 
that atoms have always moved and al- 
ways will move with the same velocity 
3, p. 139). 

The manner in which the Greek atom- 
ists regarded the phenomena of fire and 
heat is typical of the manner in which 
they explained many of the properties of 
these properties were regarded 
as due to intrinsic, unchangeable prop- 
erties of the atoms in question rather 
than to the momentary condition of these 
atoms. Thus the peculiar fluid nature 
of liquids was attributed to the smooth- 
ness and roundness of their atoms. 
Things which were painful and harsh to 
the senses were supposed to consist of 
hooked, rough atoms. 

Thus, with respect to the nature of 
heat, Greek atomism is seen to occupy an 
intermediate position, which, indeed, was 
revived in modern times, especially by 
continental Europeans (4, p. 31). In- 
sofar as all things were regarded as con- 
stituted of atoms moving in space, Greek 
atomism foreshadowed the kinetic theory 
of heat. But in postulating that fire and 
hot bodies contain particular kinds of 
atoms (although, to be sure, they were 
not considered to be atoms of an impon- 
derable fluid), it tended to agree with the 
Aristotelian postulate of a fire-matter, 
which was the forerunner, not only of 
phlogiston, but also of a much more fer- 
tile conception, namely, Black’s ealoric.* 


t . 
matter: 


The Alchemical ‘‘Principles.’’ The 
Hellenistic-Roman and Medieval Periods 
This statement is not intended to divert at- 
ion from the fundamental opposition be- 
en Greek atomism and Aristotelianism. For 
moeritus the only primary, i.e., real, proper- 
s of matter are extension in space and motion. 
ristotle, on the other hand, was quite opposed 
ny attempt to reduce phenomena to mechani- 
| causes, e.g., ‘‘hotness’’ itself was, for him, 
primary quality. 


contributed relatively little to the heat 
concept. The best European minds of 
these centuries were occupied with ques- 
tions of logic, ethics, or theological meta- 
The only advances in the 
knowledge of heat were those gleaned by 
the alchemists of Egypt and Arabia and 
later of Europe, in their practical, partly 
magical, attempts to prepare gold from 
the baser elements and to discover the 
elixir of life. 

Throughout this period, the teachings 
of Aristotle functioned as the guiding 
light, especially among the Arabians, 
who introduced them into Europe 
through the invasion of Spain in the 


physies. 


eighth century and also through contacts 
made during the Crusades.* Like Aris- 
totle they regarded the one fundamental 
matter as capable of appearing in four 
different elementary forms (fire, earth, 
air, and water) which could be changed 
one into another by a proper variation 
of properties. However, in their prac- 
tical work with the metals, they came to 
regard Aristotle’s particular choice of 
properties as inadequate. Thus we 
find Geber, an Arabian alchemist of the 
ninth century, introducing the proper- 
> and 
‘‘sulfur,’’ the first to account for the 
luster, volatility, fusibility, and mal- 
leability of metals, the second to account 
for their color, combustibility, affinity, 
and hardness. To these Valentine added 
the principle ‘‘salt’’ 
to remain intact on chemical treatment 


ties (‘‘prineiples’’), ‘‘mereury’ 


which was supposed 


and was regarded as serving as a sort 
of base for the union of the principles, 
mercury and sulfur. By variation of 
these three properties, the metals were 
thought to be capable of transmutation 
into one another. 

It is not difficult to understand how 

4Of Aristotle’s works, only a portion of his 
logic was transmitted directly to European pos 
terity by means of the Christian theology. The 
remainder arrived much later via Arabia (1, p. 
268) 
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the alchemists came to associate sulfur 
with combustibility. A mixture of sul- 
fur and nitre was used as a fusion mix- 
ture for the metals, so that sulfur was 
thought to have the property (intense 
heat) of fire in this respect. Further, 
its yellow color suggested the bright 
color of ‘‘fire-matter,’’ which appears to 
emerge from a substance, leaving an 
uncombustible residue. 

We must realize that the terms ‘‘sul- 
fur,’’ ‘‘mereury,’’ and ‘‘salt’’ were used, 
at least in the earlier centuries of the 
period, in a manner which, from our 
point of view, was metaphorical.’ They 
denoted properties rather than _ sub- 
stances, although this distinction seems 
gradually to have been obliterated. 


‘ 


System of Paracelsus. Thus we find 
Paracelsus (1493-1541) attempting to 
reconcile the Aristotelian four-element 
theory with the three principles of the 
alchemists by assuming that sulfur is 
the product of the action of fire on air; 
mercury, that of the action of air on sul- 
fur; and salt, that of the action of water 
on mereury. Paracelsus was a man of 
great influence, and his system, however 
imaginative, reveals an important fact, 
namely, that the three principles had 
come, in the minds of the alchemists, to 
acquire a substantial character so that 
they were placed in the same category as 
Aristotle’s four elements.® 

What had happened was, no doubt, 
that the three-element theory, because of 
its value in explaining the behavior of 
the metals, had come more and more 
into the foreground with the consequent 
neglect of the Aristotelian doctrine, and 
that, as a result, the former finally 

5 Wisely avoiding confusion, Brown (5) calls 
the alchemical principles ‘‘ philosophical sul- 
fur,’’ ‘‘ philosophical mercury,’’ etc. 

6 This is particularly evident from Paracelsus’ 
description of the burning process: ‘‘ That which 
smokes and evaporates over the fire is mercury, 


that which flames and is burnt is sulfur, and all 
else is salt’’ (2, p. 161). 





THE SCIENTIFIC MONTHLY 








usurped the province of the latter, at 
least in the field of metallurgy, so that 
the three principles came to be regarded, 
not only as properties, but as substances 
as well. Then the system of Paracelsus 
may be regarded simply as an attempt 
to justify current alchemical ideas by 
referring them back to Aristotelian doc- 
trine, regarded as fundamental. 

That by the latter part of the seven- 
teenth century, the sulfur principle, in 
particular, had come to acquire a defi 
nitely substantial character and, indeed, 
to be more or less identified with the 
substance which we now denote by that 
name, is evident from Becher’s (1635- 
82) eriticism of the alchemical combus- 
tion theory. Sulfur, he says, itself burns 
and therefore cannot be the principle of 
combustibility but must, like the metals, 
contain it. Becher definitely postulates 
that combustion is a process of decom- 
position, a view which seems to have been 
held by all of Aristotle’s followers, and 
states that in the burning of a substance 
the combustible principle, which he ealls 
terra pinguis (fatty earth), is evolved. 


Advent of Phlogiston. Stahl (1630 
1734) substituted the term ‘‘phlogiston’”’ 
for Becher’s terra pinguts and_skill- 
fully employed the hypothesis, under the 
name of the ‘‘phlogiston theory,’’ to 
correlate the phenomena of calcination, 
combustion, reduction, and metallic dis- 
placement of hydrogen fromeacids. 

Although the phlogiston theory came 
to exert a commanding influence on most 
of the chemists of the eighteenth century, 
it nevertheless shared the fundamental 
weakness of the sulfur theory which had 
preceded it, namely, the confusion be- 
tween property and substanee. Nor was 
this alleviated by Stahl’s statement that 
phlogiston is ‘‘the material and principle 
of fire, not fire itself’’ (5). 

The increase in weight of a substance, 
on burning, and the essential part played 
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by the surrounding air were the main 
facts which finally overthrew the phlo- 
cjston theory of combustion. The advo- 
cates of the theory met the first objection 
in two ways. Some of them regarded 
phlogiston, not merely as an imponder- 
able, but as actually endowed with nega- 
tive gravity: they regarded its presence 
as functioning to decrease the effective 
weight of a body. This idea was advo- 
cated by numerous alchemists before 
Becher’s time and indeed was shared by 
Aristotle who, as we have noted, endowed 
his fire-matter with a peculiar centrifu- 
cal foree. Others maintained that the 
increase of weight was due to the addi- 
tion of ponderable fire-matter during the 
combustion process: the fire’ in the flame 
was thought to penetrate the container 
to which it was applied and combine with 
the burning substance. The second ob- 
jection, that the presence of air was 
necessary for combustion, was met by the 
assumption that it (the air) functioned 
as an absorbing agent for the phlogiston 
liberated. 

By the latter part of the eighteenth 
century, the phlogiston theory had _ be- 
come extremely unwieldy; in fact, phlo- 
giston had been variously identified as 
light, electricity, soot, and hydrogen, and 
indeed, in France, was still associated 
with sulfur (5). Hence the penetrating 
researches of Lavoisier (1775) on the 
weight relations involved in combustion 
were quite sufficient to cast out from the 
minds of most chemists the 2,000-year old 
notion that burning is a process of de- 
composition and to establish in its place 
the postulate that combustion consists in 
the union of the burning substance with 
the oxygen of the atmosphere. 

However, as Merz (6, Chap. VIII) has 
noted, the phlogiston theory, insofar as 
it asserted that something was liberated 
in combustion, contained an element of 
truth which was destined to bear fruit. 
Lavoisier’s great service showed that the 
mysterious phlogiston had no place in a 
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description of the weight changes in- 
eurred by burning. But a more careful 
investigation of the changes occurring in 
the surroundings was to lead to a sort 
of reincarnation of the phlogiston theory. 
Our modern phraseology still bears wit- 
nes to that reincarnation, for we say that 
heat is liberated in burning. 

Nor had the concept of an impon- 
derable fluid, exemplified by phlogiston, 
reached the end of its scientific useful- 
ness. Rather, this end had come only in 
the case of chemistry proper, which, fol- 
lowing the example of Lavoisier, pro- 
ceeded to concentrate on the study of 
the weight relationships in chemical 
change. In those branches of physics 
concerned with changes of state or con- 
dition, the concept of an imponderable 
fluid continued to be of service. We 
shall see that, as caloric, it rendered in- 
valuable service in comprehending and 
classifying the phenomena of change of 
state, expansion, compression, and re- 
ciprocal changes of temperature. In 
the eighteenth century Watson (1746) 
and Franklin (1706-90) independently 
proposed fluid theories of electricity. 
Later, Coulomb (1785-1789) advocated 
the two-fluid theory to correspond to 
positive and negative electricity. He 
also preposed two magnetic fluids. These 
fluid theories of electricity and magnet- 
ism served as the basis for the mathe- 
matical formulation of the laws in these 
branches of physies. 


Rise of the Kinetic Theory of Heat. 
In the meantime, epoch-making advances 
in astronomy and mechanics had brought 
the motion concept into great scientific 
prominence, and this fact, together with 
the revival of Greek atomism, led more 
imaginative minds to the formulation of 
the modern kinetic theory of heat. 

It is of interest to note that in the cases 
of Bacon (1620) and Descartes (1640), 
motion theories of heat are advanced 
independently of atomism. This was 
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done, in the erudest form, by Francis 
Bacon (7, Chap. VIII) who, impressed 
by the motion of boiling liquids and fire, 
asserted heat to be the outward, upward, 
expansive motion of the small parts of a 
body. His doctrine is not a revival of 
atomism, for he states, specifically, that 
the motion is ‘‘not in the very minutest 
particles but in those of some tolerable 
dimensions,’’ nor does he postulate a 
void. He does not explain how a liquid 
can be in violent motion without being 
hot or how, on the other hand, a red-hot 
iron may be in a state of rest. Descartes, 
though denying the existence of a void 
and postulating the infinite divisibility 
of matter, nevertheless states motion to 
be the cause of all change. In particu- 
lar, he regards the sensation of heat as 
due to motion communicated to the 
nerves, an old idea of Democritus (1, 
p. 114). 

Greek atomism was revived and popu- 
larized through the efforts of Magnenus 
(1646) and especially Gassendi (1647). 
The union of the motion and atomic con- 
cepts to account for thermal phenomena 
had not long to wait, for we find Boyle 
(1629-91) asserting, in quite the modern 
fashion, that heat is a molecular motion 
and Locke (1690) describing it as ‘‘a 
very brisk agitation of the insensible 
parts’’ of an object (8, p. 24). Hooke 
(1665) adopted a similar view toward 
the property of fluidity, attributing this, 
not to the shape of the atoms of the fluid, 
as the Epicureans had done, bat to ‘‘a 


ee 


certain pulse or shake of heat.’” 
Newton, too, who as Merz (6, Chap. 

VI) notes, first made the kinetic view of 

nature scientifically possible through the 


publication of his Principia (1687), 
states that ‘‘heat consists in a minute 
the particles of 
These views were 


vibratory motion of 
bodies’’ (9, p. 84). 

7‘*For heat being nothing else but a very 
brisk and vehement agitation of the parts of a 
body,’’ these ‘fare thereby made so loose from 
one another, that they easily move any way and 
become fluid’’ (2, p. 96). 
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strengthened when Bernoulli (1738) laid 
the foundation of the kinetic theory of 


@ases. 


Relation of Light and Heat. The ten- 
deney to associate heat with motion re- 
ceived a fresh impulse from the estab- 
lishment, by experiment, of the close 
relationship existing between light and 
radiant heat. For whether light be 
viewed according to the corpuscular 
emission theory favored by Newton or 
the undulatory theory of Huygens 
(1690), it is, in either case, a motion (in 
the first case, a streaming motion of par- 
ticles; in the second, a vibratory motion 
in the ether), so that radiant heat, so 
closely related to it, must also be of the 
nature of motion. We have just noted 
Newton’s kinetic view of heat. Huygens 
also held such a view, for he not only 
states that light is a motion, but also that 
the solvent properties of heat and flame, 
the causes of light, indicate that they too 
are of the nature of motion (10, p. 211). 

The close connection between light and 
heat had already been vividly exhibited 
by the properties of the burning-glass of 
Archimedes (287-212 B.c.), and in the 
thought of the medieval alchemists the 
two were pretty thoroughly confused. 
In modern times we find a renewed in- 
terest in these phenomena.  Tschirn- 
hausen (1699), concentrating the rays of 
the sun with two large lenses, succeeded 
in burning wood, boiling water, and 
melting lead and iron. By coating the 
metals with charcoal, he was able to 
volatilize them, from which he deduced 
the salient conclusion that black bodies 
absorb the most heat. At the same time 
he east doubt on the legitimacy of gen- 
erally identifying light and heat when 
he observed that the rays of moonlight 
could not be made to produce any notice- 
able heating effect. 

Boyle, by noting that the burning- 
glass remains operative in a vacuum, had 
already demonstrated that the propaga- 
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tion of heat and light is independent of 
the material medium, and Scheele (1777) 
verified this with the observation that 
heat felt ten feet from an oven is unaf- 
fected by an intervening stream of air. 
Scheele also made the important distine- 
tion between this sort of heat which 
he called ‘‘radiant heat’’ (strahlende 
Wirme), and the heat passing out 
through the chimney with the smoke 
(conveeted heat). 

Lambert (1779), no doubt influenced 
by the emission theory of light, assumed 
that radiant heat consists of streams of 
‘‘fire-particles,’? reminiscent of Democ- 
He was also convinced that these 
“fire rays’’ obeyed the same laws as 
light, and proceeded to deduce the laws 
of the burning lens from the principles 
of optics. At the same time, he was 
aware that the rays of ‘‘dark heat’’ 
(infrared rays) were refiected in the 


ritus. 


same manner as light. 

The close similarity of light and ra- 
diant heat was further demonstrated by 
Pictet (1790), who noted that a ther- 
mometer placed at the focus, or ‘‘burn- 
ing point,’’ of a concave mirror imme- 
diately registered a rise in temperature 
when a hot body was placed at the focus 
of a second mirror, coaxial with the first 
but at a long distance from it. From 
this he eoneluded that radiant heat must 
be propagated in straight lines at a very 
great velocity, perhaps at the velocity of 
light itself. He contrasted this with 
conducted heat which, unlike radiant 
heat, must proceed from particle to par- 
ticle of the medium and consequently 
travels much more slowly. However, a 
complete distinetion between radiant 
and conducted heat is not attained by 

ictet, for, on failing to concentrate the 
heat from boiling water by means of a 
glass mirror, he thinks this might be 
done with a mirror which is a better con- 

‘tor of heat, e.g., a metal mirror. 

Hutton (1794) identifies light 
‘adiant heat and postulates that dark 


with 
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bodies also emit radiation, even though 
undetectable by the eye. A hot body, he 
says, converts heat to light 
absorption, becomes heat again. 
backwards appears to have been made by 
Herschel (1800) stated that 
every ray consists of a light ray and a 
heat ray. 

Rumford (1805), famous for his ex- 
periments on frictional heat, regarded a 


which, on 
A step 


when he 


body which radiates heat as analogous 
to a bell sending out vibrations (heat 
waves). The temperature of the hot 
body, he says, is determined by its period 
of vibration. <A series of experiments led 
Rumford to further important conclu- 
sions: (1) all bodies radiate at every 
temperature; (2) the intensity of radia- 
tion is different at the same temperature 
for different bodies (substances); (3) 
bodies at the same temperature do not 
influence each other through radiation. 
To Leslie (1804) is due the important 
observation that strongly reflecting sur- 
faces are also poor emitters of radiation 
and that heat absorption and heat emis- 
sion increase and decrease together. He 
also discovered that the intensity of ra- 
diation (from a unit area of surface) at 
a point outside a radiating body de- 
creases with the angle made by the sur- 
face of the body with the line of propa- 
gation of radiation to the point. Leslie’s 
speculations on the nature cf heat are 
less fortunate. For, ignoring Boyle’s 
discovery that radiant heat is propagated 
in a vacuum, he attributed radiant heat 


to air pulsations set up by the radiating 
(vibrating) body, thus confusing radia- 
tion with convection. 

(1809), 


cuished between the radiation and con- 


Prevost who clearly distin- 


duction of heat, adopted the emission 
theory of radiant heat (calorique rayon- 
nant) and developed it along lines sug- 
gested by Bernoulli’s kinetie theory of 
cwases. He notes that glass retains ‘‘dark 
heat’’ but radiant heat to 
through and thinks this may be due to 


pass 


allows 
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the fact that there are several kinds of 
heat particles. Rumford had already 
postulated that all bodies radiate at 
every temperature,*® and Prevost brought 
this principle into great prominence in 
his celebrated heory of Exchanges.”’ 
A hot body is simply one which emits 
heat particles at a greater rate than 
colder bodies. The apparent state of rest 
characterized by equality of tempera- 
tures is really, says Prevost, a state of 
dynamie equilibrium in which the bodies 
emit the particles of ‘‘radiant calorie’’ 
at the same rate. 

It will be unnecessary to describe here 
Fourier’s (1817) mathematical systema- 
tization of the facts of radiation, nor 
shall we relate the long series of investi- 
gations, extending through the nine- 
teenth century, which served to establish 
the agreement of radiant heat and light 
in all their properties, with the resultant 
triumph of the undulatory theory of 
Huyghens, the latter having been revived 
and developed by Young (1801) and 
Fresnel (1819). Rather, it will suffice, 
for our purposes, to point out just what 
significance is to be attached to that 
period of the history of the subject, end- 
ing in the early years of the nineteenth 
century. 

In the first place, we cannot ignore the 
heuristie significance which these in- 
vestigations had for the establishment of 
the First Law of Thermodynamics. For, 
entirely independent of the question of 
the precise nature of light and heat, the 
facts of their close association, con- 
formity to the same laws, and their con- 
vertibility constituted undeniable evi- 
dence in support of that comprehensive, 
though vague, view that all of the 
“*forces’’ of nature are “‘correlated.’’ 

8 Hutton first noted the contradiction involved 
in assuming that only the hot body radiates: 
the same body, at the same temperature and in 
exactly the same state, is assumed to radiate, 
or not radiate, depending on whether it is the 
hotter or the colder of the two bodies. 


corn 


The precise manner in which this notion 
of ‘‘correlation of forces’’ contributed to 
the founding of the Energy Principle 
naturally belongs to a history of that 
principle. 

Of more immediate concern is the ef.- 
fect of these radiation studies on current 
ideas concerning the nature of heat. We 
have already remarked that, insofar as 
radiant heat, like light, is regarded as a 
motion of something, the study of it 
tended to bolster up the kinetic theory 
of heat. If, nevertheless, the calorie or 
fluid theory continued to maintain its 
supremacy throughout the eighteenth 
century, this may be attributed, to a 
large extent, to the circumstance that 
Newton’s emission theory, not Huyghens’ 
wave theory, of light (hence of radiant 
heat) prevailed among most of the 
physicists of that period. For if light 


is to be regarded as a rectilinear motion 
of very fine particles, radiant heat must 


also be so regarded. And, since the radi- 
ating body exhibits no loss in weight, the 
particles must be those of an imponder- 
able fluid, naturally identified as heat 
fluid, or calorie, since the radiating body 
suffered a fall in temperature.’® 


9This we may attribute to the failure of 
Huyghens’ theory to account for the nature 
of shadows and for rectilinear propagation, to- 
gether with the fact that Newton’s great author- 
ity opposed it. Young (1800) revived and ex 
panded the wave theory in England, but his 
work hardly noticed. It Fresnel 
(1817), working in France, who finally con 
vineed scientific authority of the superiority of 
the undulatory theory, but only after overcom 
Thus his most impor 


was was 


ing vigorous opposition. 
tant memoir on the subject, though submitted 
to the French Academy in 1821, was not pub- 
lished until 1827 (11, ii, p. 115). 

10 A curious dilemma must have presented 
itself to those scientists who opposed, on gen 
eral principles, the assumption of an imponder 
able fluid. For if the existence of an impon- 
derable heat fluid be denied, that of another, 
namely, Huyghens’ ether, must be admitted to 
account for the propagation of radiation through 
a vacuum. 


(To be concluded) 
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SCIENCE ON 


THE SPECIFIC EFFECTS OF CERTAIN 
TEMPERATURES ON STORED 
FRUITS, VEGETABLES, AND 
FLOWER BULBS 

For many years it has been the custom 
to hold certain fresh fruits and vegeta- 
bles in cold storage for the purpose of 
preventing spoilage. It is the general 
consensus that the low temperatures in 
the storage rooms serve to arrest or re- 
tard the biological processes that bring 
about senescence and decay, and for the 
most part this belief is correct. How- 
ever, there are certain physiological 
processes that not only are able to con- 
tinue at these low temperatures but even 
appear to be accelerated. Sometimes a 
certain temperature or narrow range of 
temperatures appears very specific in 
producing certain effects on fruits, vege- 
tables, tubers, and bulbs. 

It often happens, for example, that 
when citrus fruits are held at 32° F. for 
four to six weeks there develops a physi- 
ological disorder known as ‘“‘watery 
breakdown.’’ Although it gives the 
fruits the appearance of having been 
frozen, carefully controlled experiments 
have demonstrated that this disorder 
may be produced by low temperatures 
that are still above the freezing point of 
the fruits. Pitting (pox, storage spot) 
is another low-temperature disorder of 
citrus fruits. It is characterized by 
shallow, pocklike depressions in the rind, 
which become discolored in the advanced 
stages. Temperatures most conducive 
to pitting are 32° for lemons, 36° to 40° 
for oranges, and 40° for grapefruit. 

Still other, more or less superficial, 
rind blemishes of citrus fruits are 
“‘seald’’ of oranges and grapefruit and 
and ‘‘red blotech’’ of lemons. 
’ of lemons, a dark- 


““neteca”’ 
‘‘Membranous stain’ 
ening of the membranes between the seg- 
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ments, has been found much worse at 
36° and 40° F. than at 32°, 50°, and 60°. 

Tropical fruits are still more sensitive 
to low temperatures than are the sub- 
tropical citrus fruits. If papayas are 
held for only 5 days at 45° F. or lower, 
they become chilled, and the treatment 
so upsets their metabolic processes that 
they will not ripen properly when re- 
moved to higher temperatures. Experi- 
ments have shown that certain chemical 
processes that accompany normal ripen- 
ine, such as inversion of sucrose, are ar- 
rested by exposure to low temperatures 
and are not resumed when the fruit is 
brought back to room temperatures. In 
like manner avocados, pineapples, and 
physiological 
low 


experience a 
breakdown when held too long at 
temperatures. The result is usually a 
darkening of some of the tissues when 
the fruit is removed to higher tempera- 
tures. It is not necessary to drop very 
low in the temperature scale to produce 
deleterious effects in bananas. Green 
fruits, if held at temperatures below 56° 
for four or five days, will subsequently 
fail to ripen properly in the ripening 
rooms. Bananas that have been chilled 
after ripening will develop a dull-brown 
color when later exposed to higher tem- 
peratures, and are very susceptible to 
handling marks, the slightest bruising 
causing discoloration. Darkened ba- 
nanas appear on the fruit 
stands after the merchant or the deliv- 
eryman has been caught unawares by 
sudden and unexpected cold weather, 
and the consumer known to 
hold bananas in the refrigerator long 
enough to them darken when 
brought out into the room. 

Tropical vegetables may suffer from 


bananas 


sometimes 


has been 
have 


low-temperature injuries just as much 


as tropical fruits. Tomatoes are not 


” 
o 
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ordinarily thought of as tropical because 
they are grown so extensively in tem- 
perate latitudes, yet their home is in 


the tropics. When wholesalers have 
attempted to hold too long at near 32° 
the tomatoes, or ‘‘green 
wraps, ’’ 
they have experienced rather disastrous 
results. These chilled tomatoes, when 
removed to the ripening rooms, will ripen 
with a dull-yellow color, or they may 
decay before they ripen. 

The average farm boy knows that the 
first frost is the signal to dig and cure 
sweet potatoes before they are injured 
Darkening and internal break- 
the tissues occur in storage 
rooms also, when the temperature is 
below 40° F. The susceptibility of 
sweet potatoes to low-temperature injury 
is reduced by proper curing. It is in- 
teresting to note that some success in 
‘fcuring’’ of grapefruit has 


mature 
as they are commonly ealled, 


green 


by eold. 
down of 


prestorage 
been reported, the processes for the two 
products being alike in principle, though 
not in details. 

Even flower bulbs are subject to spe- 
cific physiological effects of low tempera- 
tures. Several years ago in experiments 
in the U. 8S. Department of Agriculture, 
King Alfred nareissus bulbs were held 
during three successive storage periods. 
Temperatures during the first and third 
periods were in the range of 60° to 90°, 
but the middle period came within the 
range of eold storage, that is, 32°, 40°, 
and 50°. When these bulbs were held 
at 40° during the middle period of stor- 
age there subsequently developed more 
lind or nonblooming, bulbs than 
when they were held at 32° or 50°. 

Ilere is an instance of the specific 
effect of one temperature, or perhaps a 
Another 


«é] 9? 
I ’ 


narrow range of temperatures. 
example, previously mentioned, was that 
of 36° and 40° in their relation to the 
development of membranous stain in 
Other effects of specific tem- 
Continuous 


lemons. 


peratures might be cited. 
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storage at 50° F. produces ‘‘ pumpkin 


yellow’’ grapefruit, a good red color in 
IIladen mangoes, and considerably more 
‘*blood’’ spots in the blood 
oranges. These effects are not produced 
by temperatures some degrees higher or 


S( -ealled 


lower, or at least not so rapidly. 

Examples can be cited in which cer- 
tain desired physiological changes have 
been produced in fruits, vegetables, or 
flower bulbs by employing the proper 
temperatures in storage. Early-season 
Bartlett pears from California arriving 
on the Eastern markets during July and 
August frequently fail to ripen with 
vood color, flavor, and texture. ‘Tests 
made by the U. S. Department of Agri- 
culture showed that if these pears were 
ripened at 65° to 70° F. the flavor, color, 
and texture were satisfactory. Those 
ripened at 80—-85° F., the temperatures 
prevailing in the stores at the time, were 
of poor quality. Fall and winter varie- 
ties of pears likewise are of best quality 
when ripened at temperatures between 
60° and 70° F. Kieffer pears are usually 
considered to be of very low quality, and 
it is probable that this reputation has 
been based on the fact that they usually 
ripen during exposure to too high tem- 
peratures, at least in the South. Ex- 
periments have shown that when this 
variety of pear is ripened at 55—65° the 
quality is greatly improved, although 
it never becomes the equal of such a 
variety as Bartlett. 

About 1928 or 1929 several restaurant 
operators and manufacturers of potato 
chips came to the U. S. Department of 
Agriculture with a problem. They 
stated that their French fried pctatoes 
and potato chips were too dark for the 
customers and that the dark chips had 
an undesirable flavor. Now a dark color 
in a cooked product may be due to the 
caramelization of sugar, and the Govern- 
ment research men knew that there are 
storage temperatures at whieh 
Irish potatoes. 


eertain 


sugar aceumulates in 
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This had been worked out many years 
avo at the University of Maryland when 
it was reported that Irish potatoes be- 
come sweeter if held in storage at 40° F. 

‘lower. A checkup revealed that the 
potatoes used for French ‘‘fries’’ and 
chips in this ease had been previously 
stored at 382°. Subsequent tests by the 
U. S. Bureau of Plant Industry in co- 
operation with the Bureau of Home 
Economies of the U. 8S. Department of 
Agriculture revealed that if potatoes 
were stored at 50-60° F. for a while 
immediately before use they could be 
made into chips or French ‘‘fries’’ white 
in color and of good quality. 

Examples may also be cited in which 
physiologists have utilized low tempera- 
tures for the purpose of stimulating seed 
production in certain vegetables. For 
instanee, the production of flowers by 
sugar beet plants is objectionable when 
these plants are being grown for sugar, 
but when the object is the production of 
seed, the development of flowers is quite 
obviously necessary. The initiation of 
seedstalks and the flowering of biennial 
beets have been shown to be due to the 
cumulative effeet of low-temperature ex- 
posure followed or accompanied by the 
effect of long photoperiods (duration of 
daylight). When research workers in 
the U. S. Department of Agriculture 
were breeding sugar beets and growing 
them in that part of the country where 
the length of day was insufficient to in- 
they overcame this by 
The tendency 
or produce seedstalks, was 


duce flowering, 
the use of eold storage. 
to "DOrk” 
vreatly stimulated by exposing the beets 
to low temperatures (33-38° F.) before 
planting in the field. The treatment 
could be applied to the ‘‘mother’’ beet 
roots or to the germinating seeds. 

Similar work has been done on onion 
bulbs. Storing them at 53.5° F. for 
four months prior to planting has caused 
the plants to blossom and ripen earlier 
and to yield more seed per acre. 
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One more story of the specific effects 
of certain temperatures might be cited. 
Bulbs of the Creole type of Easter lily, 
when planted immediately after midsum- 
mer digging, bloom in the period between 
April 3 and April 12. This lily is in 
great demand at Easter. However, 
Easter is one of the few holidays that 
has no definite calendar date. It may 
come any time from late in March until 
late in April, and the disastrous results 
for the florist of having his lilies bloom 
too early or too late can easily be 
imagined. ‘There is still another reason 
for desiring to change the blooming hab- 
its of the Creole lily. In some sections 
of the country the trade demands lilies 
at Christmas. To meet these varying 
demands for lilies, research workers at- 
tempted to modify the physiological re- 
sponse of lily bulbs by storing them at 
different temperatures following harvest. 
In these experiments the unstored lily 
bulbs bloomed 259 days after planting. 
However, if stored 10 weeks at 36°, 40°, 
45°, 50°, 55°, and 59° F. after the bulbs 
had matured, blooming oceurred from 
111 to 135 days after planting. The tem- 
perature treatments that hastened the 
blooming of these bulbs also tended to 
reduce the number of blooms per plant, 
and this effect increased with increase in 
storage temperature. this 
fact, 36° to 45° F. is usually recom- 
mended for storage of Creole lily bulbs 
intended for forcing of bloom. 

The lay reader often objects to the 
material is 


Beeause of 


manner in which scientific 
presented, pointing out that the impar- 
tial viewpoint usually leaves the reader 
with no definite answer to his questions. 
On oeceasions when this subject has been 


presented to groups or organizations, the 


speaker is invariably questioned as to the 
proper, rather than improper, tempera- 
tures at which various products should 
be stored. This information is available 
in publications of the State and Federal 
agencies. Kor 


agricultural research 
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some of the fruits and vegetables men- 
tioned above the U. 8S. Department of 
Agriculture makes the following recom- 
mendations for temperature of storage: 
Bananas, ripening, 62° to 70° F., hold- 
ing ripe fruit, 56° to 60°; grapefruit, 
32° to 34° if grown in regions where 
decay is a serious factor, or 45° to 55° 
if from other regions; lemons, 55° to 
58°; oranges, 34° to 38°; pineapples, 
mature 50° to 60°, ripe, 40° to 
45°; lower than 40° for 
table or seed stock, unless the seed is to 
be kept longer than 3 to 5 months, in 
which case 36-388° F. is recommended ; 
sweet potatoes, 55° to 60° ; tomatoes, ripe, 
40° to 50°, mature green, 55° to 70°. 
Erston V. MILLER 
DIVISION OF FRUIT AND VEGETABLE 
Crops AND DISEASES 
BUREAU OF PLANT INDUSTRY, 
SoILs, AND AGRICULTURAL 
ENGINEERING, ARA, USDA 
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FACTORS CONTROLLING THE CON- 
CENTRATION OF ERYTHROCYTES 
IN THE BLOOD* 


THE existence of a sex difference in 
the erythrocyte (red cell) concentration 
of the blood has been observed in nu- 
merous animals, amone which are the 
domestic fowl, pigeon, ring dove, mouse, 
rat, rabbit, cat, dog, sheep, horse, and 
man. In each of these species the eryth- 
rocyte count of the male is consistently 
higher than that of the female. For ex- 
ample, in the domestic fowl the average 
count for males is 3,260,000 red blood 
cells per cubic millimeter of blood, while 
that of females is 2,660,000. Similarly, 
in humans the average red cell count for 
a man is approximately 5,000,000 as 
compared with 4,500,000 for a woman. 

It has been shown by observations on 
many castrated animals that this differ- 
ence between the sexes is due, at least in 
part, to the reproductive glands: ovaries 

* This investigation was aided by a grant 
from the Dr. Wallace C. and Clara A. Abbott 
Memorial Fund of The University of Chicago. 
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or testes. In a male such an operation 
is followed by a fall in the erythrocyte 
count, while in a completely ovariecto- 
mized female there is either no signifi- 
cant change or there is a slight rise in 
the number of red blood cells. There- 
fore, the castrated male and the ovariee- 
tomized female have approximately the 
same red cell concentration. Further- 
more, if a testis is successfully grafted 
into such a castrated rooster, the red cell 
count will rise again to the normal male 
level. 

In the domestic fowl, as well as in 
most other birds, there is only one func- 
tional ovary—the left one, for the right 
gonad remains undeveloped and persists 
throughout life as a nonfunctional rudi- 
ment. If the functional left ovary is 
removed from a young chick, the right 
rudimentary gonad will develop into a 
testis-like organ which the 
erine characteristics of both an 
and a testis. A bird possessing such a 
gonad frequently shows both male and 
female characters, such as the large comb 
of the male and the henny plumage of 
the female. It is also interesting to note 
that the erythrocyte counts of such in- 
dividuals le between the 
normal male and female levels but are 
usually closer to that of the male. 

When male sex hormones (androgens) 
are injected or administered by means of 
pellets implanted beneath the skin, the 
number of red cells will increase in the 
castrated male or female bird, rat, dog, 
monkey, or human, while treatment with 
female sex hormones (estrogens) will in- 
duce anemia, or a decrease in the num- 
ber of By means of 
such androgen pellets the red cell con- 
centration has been maintained at the 
male level in groups of castrated roost- 
ers, or capons, for periods of over two 
vears. When pellets are almost or com- 
pletely absorbed, the erythrocyte count 
drops, but after each subsequent implan- 
tation it will rise again to the male level. 


has endo- 


ovary 


somewhere 


red corpuscles. 





SCIENCE ON THE 


Since sinistrally ovariectomized pou- 
lards (hens trom which only the left 
ovary has been removed) develop right 
testis-like gonads secreting both andro- 
venus and estrogens and usually show a 
red cell count intermediate between the 
male and female, it became of interest to 
see if such a condition could be produced 
experimentally in normal or castrated 
animals by simultaneous androgen and 
estrogen treatment. This problem has 
been approached in two ways: 

(1) On the fourth day of incubation 
(the normal incubation time for the do- 
mestic fowl is twenty-one days) before 
the reproductive glands have developed 
in the embryo, a small amount of es- 
trogen was injected into the egg, which 
was then allowed to continue incubation 
and to hatch. Genetically, male chicks 
hatched from such treated eggs are of an 
intersexual type when mature, possessing 
eonads which seerete both androgens and 
estrogens, as do those of sinistrally ovari- 
Such individuals 


ectomized poulards. 
also have erythrocyte counts intermedi- 
ate between those of normal males and 
females. 

(2) Capons were injected with, or re- 
ceived pellets of, both male and female 


sex hormones simultaneously. If the 
proportion of estrogen administered is 
low as compared with the androgen, the 
red cell counts rise to the male level. If, 
on the other hand, the estrogen dosage 
is relatively high, the counts remain un- 
changed or fall. Thus fara duplication 
of the situation found in sinistrally 
ovariectomized poulards and in inter- 
sexual males which received estrogen 
treatment during ineubation—where the 
red blood cell count was intermediate 
between those of the male and female— 
has not been observed. This may be due 
to an improper balance between the con- 
centrations of the two sex hormones ad- 
ministered, or it may be that the methods 
employed in administering the hormones 
do not duplicate, in fully grown birds, 
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the condition prevailing in poulards and 
intersexual males, where the influence of 
mixed male and female hormones is not 
only exerted relatively early in develop- 
bent but is also regulated by the bird’s 
own endocrine system. 

Also of interest in connection with the 
problems arising from simultaneous an- 
drogen and estrogen administration are 
observations which have been made on 
Although the 
is not a seasonal breeder, as are 


laying hens. domestic 
fowl 
most wild birds, there is, nevertheless, in 
the average flock, an increase in egg pro- 
duction in the late spring and early sum- 
mer. During the laying period there is 
evidence of an increase in both estrogen 
and androgen production by the hen’s 
own ovary. In spite of the increased 
amount of androgen, the erythrocyte 
counts made during the spring laying 
periods are lower than at any other sea- 
son of the year. This would seem to 
indicate one of three possible interpreta- 
tions: (1) the increase in androgen is not 
of sufficient magnitude to raise the eryth- 
rocyte level; (2) the increase in estro- 
ven is sufficient to lower the red cell 
count regardless of the simultaneously 
androgen; (3) the 
eyele in females is caused by factors 
other than male and female sex hormones. 

Of particular interest at the present 


increased seasonal 


time are certain observations made on 
male and female human blood 
There have been several recent reports 
indicating that red cell regeneration 
after blood donation is slower in women 
than in men. 
also been made on rats in which severe 
induced. It 
injections stimu- 


donors. 


Similar observations have 
hemorrhages was 
found that androgen 
lated, while estrogen treatment actually 
inhibited, the regeneration of erythro- 
This would seem to indicate that 


were 


cytes. 
in females regeneration of red cells is 
normally inhibited by the animal’s own 
sex hormones, whereas in males regen- 
eration is accelerated. 
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The red blood cells are produced in 
the marrow cavities of the long bones 
and are destroyed and removed from 
circulation largely by the liver. The in- 
erease in the number of red cells in an- 
drogen-treated animals, therefore, could 
be due either to a stimulation of their 
production or to a decrease in the rate 
of their destruction. Conversely, the 
lower count in animals treated with es- 
trogens might be due to an inhibition of 
erythrocyte production or to an increase 
in their rate of destruction. 

Studies on the bone marrow of pigeons, 
mice, and rats, made chiefly by Gordon 
and his co-workers at New York Univer- 
sitv, have produced evidence that the 
first suggestion may be correct. These 
observations have shown that estrogens 
cause the formation of bone within the 
marrow cavities, thereby interfering with 
the production of red blood cells, while 
androgens appear to stimulate the eryth- 
rocyte-producing (erythropoietic) tissue 
within the marrow to greater activity. 

It must not be concluded that the male 
and female sex hormones are the only 
agents which affect the concentration of 
the circulating erythrocytes. For many 
vears it has been known that oxygen de- 
ficiency stimulates the bone marrow to 
produce more red resulting in 
higher counts in individuals living at 
Also, it has been known 


cells, 


high altitudes. 
that in 
muscular exercise, there may be a marked 


fevers, as well as after severe 
increase in the number of red cells (poly- 
the administra- 


ecobaltous salts in some animals 


evthemia). Likewise, 
tion of 
causes a marked polyeythemia, which, in 
extreme fatal. On the other 
hand, various poisons, such as lead, may 


eases, 18 


injure or destroy the erythrocyte-form- 
ing tissues, and the lack of certain sub- 
stances in the diet, such as an adequate 
amount of iron, will cause an anemia. 
Likewise, other endocrine glands, notably 


the thyroids, adrenals, and pituitary, 


have been found to play a part in the 
regulation of the red-cell concentration. 

Thyroid insufficiency will bring about 
a drastic reduction in the number of red 
blood cells. This has been interpreted 
as due, not to the direct effect of inade- 
quate thyroid hormone upon the bone 
marrow, but rather to a more general 
metabolic effect, causing a slowing down 
of most of the physiological activities of 
the body. An overabundance of thyroid 
hormone produces a high erythrocyte 
count by stimulating metabolic activity, 
thereby creating an oxygen deficiency 
which causes an increase in the produe- 
tion of red blood cells. 

Adrenal insufficiency results in a spee- 
tacular rise in the number of red cells, 
while treatment with extracts from the 
adrenal cortex reduces the number within 
afew hours. This is not believed to be 
due to any actual increase or decrease in 
the number of erythrocytes in circulation, 
but rather to an increase or decrease in 
the fluid constituent of the blood, which 
in turn would affect the apparent num- 
ber of red cells. 

The pituitary gland itself operates in- 
directly as a regulating mechanism since 


it produces hormones which control the 
activity of the reproductive glands, thy- 


roids, and adrenals. Some investigators 
have postulated a specific pituitary hor- 
more direet control 


mone which has a 


over the concentration of red cells, but 
this hypothesis has few adherents. 

Since all of these regulating factors, 
with the exception of the ovarian and 
testicular hormones, are presumably op 
erating similarly in both males and fe- 
it would seem plausibe to con 
that the sex hormones play the 
role in bringing about the differ 


males, 
clude 
major 
ences observed in the erythrocyte counts 
of males and females. 

Euste TABER and L. V. DomM 

WHITMAN LABORATORY OF EXPERI- 
MENTAL ZOOLOGY 
THE UNIVERSITY OF CHICAGO 
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THEORETICAL ASPECTS OF 
HISTORY 


The Philosophy of American History. Morris 
Zucker. Vol. I. The Historical Field 
Theory, 694 pp. Vol. Il. Periods in American 
History, 1070 pp. 1945. Arnold-Howard 
Publishing Company, Inc., New York. 


2 vols. 


Tne first volume of this work claims to 
lay the theoretical foundations for a sci- 
ence of history. The second volume pur- 
ports to apply the ‘‘historical principles’’ 
developed in the first volume. The pres- 
ent review will concern itself mainly with 
the first volume, as the second is devoted 
entirely to the familiar events of Ameri- 
can history. As history, Volume II 
should be left to historians to evaluate. 
Both volumes abound in diatribes against 
the injustices and the imbecilities of our 
times. 

There is no question about these mal- 
adjustments or the vigor with which the 
author expounds them. Indeed, his 
criticism and ridicule of most of the 
historians and the ‘‘statesmen’’ of the 
day are by far the most effective and 
valid part of his work. I share most of 
the author’s prejudices on these matters 
and consequently had an inordinately 
cood time reading these volumes. As an 
argument for the application of science 
to social affairs and an exposé of the 
disasters resulting from not doing so, the 
two volumes are sound, witty, and highly 
readable. As a treatise of scientific 
method or an example of its application, 
the work unfortunately leaves much— 
nearly everything—to be desired. 

In spite of all his lip service to science 
in general and to field theory in particu- 
lar, the author finds it necessary to re- 
pudiate the post-Einsteinian develop- 
ments of that theory, which he finds 
inapplicable to social seience. Instead 
he finds it necessary to adopt a view of 
causality (p. 585), which has been pretty 
well abandoned in modern philosophy as 


well as in science. The section dealing 


with these matters is thoroughly out-of- 
date. 


In insisting that 


A few examples must suffice. 
the 
must rely on a type of causality aban- 


social sciences 
doned in the other sciences, the author 
betrays a basic misunderstanding regard- 
ing the nature of all scientific generali- 
whatsoever. The ‘‘inherent 
the statistical method of 
vital illus- 
thinks, by 


zations 
fallacy of 
analyzing 
trated, he 
example: 


phenomena’’ is 
the following 


life ex 
was 


It can be shown that the average 
pectaney is today much than it 
twenty, fifty and a hundred years ago in every 
age class. The 
cerned by the minutest scrutiny of the a 
tables. They will not 
merely record the results of a 
development within which 
itself in the standards of living, general sani- 
tation, purer food, the growth of publie medi 
cine and a myriad of other factors which no 
statistical table will 
established only by the 


classical scientific method (p. 584 


greater 


reasons for this cannot be dis- 
etuarial 
show the causes, but 
long process of 


society mat ifested 


disclose. These can be 
] 


patient labor of the 


One wonders, in the first place, how, 
except through statistical the 
manifestations of improved standards of 


methods, 
living, general sanitation, ete., is re- 
vealed at all. Whatever scientific knowl- 
edge we have of these phenomena, as well 
as of the processes by which they have 
transpired, has been achieved through 
the correlation of these data and ‘‘myri- 
ads of other factors’’ in the testing of 
hypotheses according to rules recognized 
in all scienee. Correlation of masses of 
only 
pre- 


data ean be reliably carried out 
through statistical methods. It is 
eisely here that scientific methods differ 
from those of Mr. Zucker and other his- 
torians. Historians also engage in corre- 
lation—informally, 


lected to fit the theory with which they 


isually of eases se- 
start, with no inconvenient questions of 
sampling or probability to mar the au- 
thor’s literary style. As such, their work 
provides valuable hypotheses for science. 
To regard these conclusions as more than 
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hypotheses is to confuse hypotheses and 
laws. 

I invite any scientist to scrutinize the 

1700 pages of this work to see if he can 
find a single proposition that he recog- 
nizes as a scientific law of the kind he 
credits in the other sciences. The reader 
may also meditate on Mr. Zucker’s 
understanding of the nature and require- 
ments of scientific generalizations as re- 
vealed in the following statement: 
There has never yet been a graph scientifically 
constructed which forecast exactly [sic] the 
number of deaths for a certain year. If guesses 
have been correct, they have been nothing more 
than lucky guesses (p. 585). 

In short, we have in these volumes an- 

other attempted short eut to social sci- 
ence. The model and the method are 
those of Marx. Admirable as these may 
be in their own way they differ sharply 
from those of science. The author has 
himself inadvertently suggested one of 
the main differences in the following 
passage : 
In any event, a great deal depends upon whether 
we approach its [history’s] investigation from 
the standpoint of causal or statistical law. If 
looked at from the statistical point of view, it 
is all a matter of chance, accident, probability, 
despite all we can do. If considered from the 
causal standpoint, then no doom is inevitable 
so long as man exercises some rational power 
over the unfoldment of the historical processes 
(pp. 586-587). 

In science, and especially in field the- 
ory, the ‘‘rational power’’ of man is tt- 
self part of the field and is as subject to 
the laws governing the field as any other 
element. It is precisely this fact that 
many historians and some who pass for 
social scientists are not yet prepared to 
face. Until they are prepared to do so, 
they had better be modest about their 
scientific pretensions, especially so far 
as drawing on the theories of modern 
physies are concerned. 

I am in profound agreement with the 
author’s enthusiasm for the application 
of science to human affairs and in the 
applicability of field theory to social 
phenomena. Unfortunately, both can be- 
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come realities only through some of the 
methods he discards. Philosophers of 
history, including Mr. Zucker, in their 
scientific aspirations are still in the Nat- 
ural-History stage of scientific develop- 
ment. In the end they will find that 
history, as such, will play about the same 
role in social as it plays in physieal sci- 
enee. As in the other sciences, authentic 
history will itself be inferred from the 
laws of social behavior established by 
the accredited methods of science from 
contemporaneous data, subject to obser- 
vation and generalization by these meth- 
ods. It should be said to the author’s 
credit that in some places (e.g., Vol. I, 
p. 33), at least, he seems to recognize this 
eventuality. Incidentally, the author 
devotes considerable space to an attempt 
to refute John Dewey’s argument against 
the possibility of history as a science 
and, in my opinion, fails in his refuta- 
tion. 

The work closes on a Marxian note, al- 
though here as elsewhere the author 
shows considerable independence as, for 
example, in deploring the Russian politi- 
eal system while approving of its eco- 
nomic order. Also, he ventures to differ 
with official Soviet interpreters of Marx 
(Vol. I, p. 617). There is in fact much 
admirable objective analysis in these 
books, especially of recent and current 
history. Except for the scientifie pre- 
tensions of the work, a more favorable 
review would be justified. 

George A. LUNDBERG 
3ENNINGTON COLLEGE 


DEVELOPMENT OF MEDICAL 
SCHOOLS 
Medical Education in the United S‘ates before 
the Civil War. William Frederick Norwood. 

478 pp. 1944. $6.00. University of Penn- 

sylvania Press. 

‘‘MepicaL education in the United 
States, with all its ramification, in the 
century before the Civil War, constitutes 
a significant and unique chapter in the 
social history of the ecountry.’’ This 
statement, with which this book closes, 
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expresses a conclusion that is thoroughly 


sound. The careful and laborious study 
that has gone into the making of this 
hook throws much light on the develop- 
ment of an important factor in the cul- 
tural and social structure of this country. 
[It presents many and, at times, tedious 
details of the struggles, often tempestu- 
ous, through which medical education 
fought its way. Rivalry, individualism, 
personal liberty, free enterprise without 
restraint, and struggles for existence, 
created many a battle between profes- 
sors, between faculties and trustees, be- 
tween rival medical schools and, at times, 
between the medical profession and the 
public, when protests against human dis- 
section took the form of riots. 

Organized medical education in this 
country had a dignified and promising 
beginning in Philadelphia in 1765, and 
progressed until the end of the 18th cen- 
tury under the leadership of brilliant 
young men who had studied medicine in 
Paris, in London, and especially in 
Edinburgh. By the end of the century 
four medical schools had been founded 
in connection with established colleges. 
These schools have all survived to this 
day as the medical schools of the Uni- 
versity of Pennsylvania (1765), of Co- 
lumbia University (1768), of Harvard 
University (1783), and of Dartmouth 
College (1798). Anatomical teaching, 
lecture courses, and teaching hospitals 
were planned and developed. 

Soon after the turn of the 19th century 
an American system of medical education 
began to develop and to spread widely as 
social and political order of a sort ex- 
tended throughout the broad reaches of 
our land. The general pattern of three 
years of apprenticeship with a practi- 
tioner of medicine, and the attendance 
on two short annual sessions in a medi- 
cal school, to attend the same lectures 
each year, became the accepted require- 
ments for the degree of doctor of 
medicine, Medical schools sprang up 
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not only in the larger cities, but even in 
country towns, wherever five or six 
doctors who had a desire to teach eould 
hold themselves together to form a fac- 
ulty. These schools usually formed some 
loose attachment with an established col- 
lege, often at a distance, and, in one 
notable example, in another state. 

A number of influential teachers were 
itinerants and traveled about to form 
new schools or to join faculties that in- 
vited them from a distance. Some of 
them had a strong and lasting influence 
on American medicine. However, as 
standards of graduation were generally 
ill-defined, as the support of the schools, 
and indeed of the professors, depended 
upon the number of students that could 
be attracted, and as no licensing exami- 
nations were in force, American medicine 
was largely dependent on the natural 
ability, sincerity, honesty, and energy of 
those who practiced it. Fortunately 
these traits were by no means uncommon, 
though many practitioners without these 
qualities were turned loose on the publie. 
American medical education during the 
19th century up to the Civil War, as 
described in much detail in this book, 
does not present a phase of our history in 
which we can take much pride. 

To the student of medical history, it is 
of interest to see fundamental improve- 
ments being made in scattered places, 
especially in the West and South. A 
notable innovation occurred in 1850 when 
the newly organized University of Michi- 
gan put its medical professors on a 
salary basis, similar to that of other 
University professors, and relieved them 
of their dependence on student fees. In 
1857 the New Orleans School of Medi- 
cine introduced a system of individual 
clinical instruction of its students and 
cave them the opportunity to study the 
patient at firsthand. In 1859 Dr. N. 38. 
Davis, who had taken the leading part in 
forming the American Medical Associ- 
ation about ten years previously, or- 
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ganized a two-year graded curriculum 
in the Medical Department of Lind Uni- 
versity, Chicago. Thus, two distinct 
years of training were begun, instead of 
having students repeat the same course 
in two successive years, 

The outstanding characteristic of this 
book is the thorough and complete his- 
torical study which lies behind it, making 
it a souree of information on the de- 
velopment of medical education in the 
United States. Although much of the 
book is taken up with details of defunct 
medical schools that are not likely to in- 
terest the general reader, or even those 
especially concerned with American his- 
tory, it is a useful reference book with 
much permanent value. 


G. Cansy Rosrnson, M.D. 
AMERICAN RED CROSS 
WASHINGTON, D. C. 


APOSTLE OF THE WILD 


Son of the Wilderness: The Life of John Muir. 
Linnie Marsh Wolfe. 364 pp. Illus. 1945. 
$3.50. Alfred A. Knopf, New York. 


THERE is no more beloved name in the 


annals of the American conservation 
movement than John Muir. He was the 
evangelist of that movement, a crusader 
against man’s wanton destruction of 
natural resources and beauty. He was a 
great naturalist, a pioneer geologist, a 
botanist, a lover of mountains and trees, 
more at home among the haunts of the 
water ouzel and wild sheep or in some 
alpine glacier meadow than in the ‘‘ false 
society of men.’’ Yet he lived among 
men too, raised a family, made many un- 
dying friendships, and left the world a 
better place. But for no one did he ever 
compromise his principles or fail to fight 
relentlessly for what he knew was right. 
He was, as his friend Bailey Millard said, 
as ‘‘wild as a Modoe and as unafraid as a 
erizzly.’’ 

All these characterizations, and dozens 
more that might be listed, make the story 
of John Muir’s life anything but dull. 
His story has been told before—much of 
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it in his own writings, which have become 
classic (The Story of My Boyhood and 
Youth, Travels wm Alaska, My First 
Summer in the Sierra, ete.). The two- 
volume ‘‘definitive’’ biography, The Lif, 
and Letters of John Muir, by William 
Frederic Badé, appeared in 1923-24. 
3ut it is good to have Mrs. Wolfe tell it 
afresh. This author’s interest in Muir, 
fortunately, is not a fly-by-night affair. 
She has been a student of Muir for many 
years, and in 1937 she edited a delightful 
book called John of the Mountains, made 
up of some of Muir’s until then unpub- 
lished journals. Furthermore, she has 
had access to much new material, chiefly 
notes and letters and other Muiriana 
turned over to her by the Muir family. 

John Muir was a many-sided indi- 
vidual ; he lived a full and strenuous life. 
Some phases of his career would them- 
selves fill large books. Mrs. Wolfe has 
done a good job of condensation of ma- 
terial and has produced an unusually 
well-rounded picture, emphasizing those 
things that show John Muir the man 
and setting straight a few matters that 
she believes have been misrepresented. 
Here is her thumbnail sketch of Muir: 

‘‘Far from being an effeminate plaster 
saint, all sweetness and light, as some of 
his admirers have conceived him, he was 
in truth red-blooded and _ intensely 
masculine ; a mystic, yet a realist with his 
feet on the ground; a lover of solitude, 
yet gregarious and often a prey to bitter 
loneliness; frugal in supplying his own 
needs, but lavishly generous to others; a 
man of puckish humor and of stern, dour 
moods. Infinitely gentle and under- 
standing in his friendships, and towards 
the young, the old, and all defenseless 
creatures, he was blazingly intolerant of 
bigotry and every form of social callous- 
ness. Although mellowed in maturity 
and more humorous in his judgments, he 
was still a fighter, an archenemy of all 
encroachments in the name of ‘progress’ 
upon human or animal rights.’’ 
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In many ways the book is an expansion 
of this paragraph, and John Muir 
emerges as a great man. No one, it 
seems to me, could read it without gain- 
ing the highest regard for his genius, a 
new appreciation for what he did to save 
Yosemite, Kings Canyon, and other 
wilderness areas of America for the 
people, and a deep and lasting admira- 
tion for him. To me, some of the most 
appealing episodes of his story are those 
pertaining to his friendships—his meet- 
ings with Ralph Waldo Emerson and 
John Burroughs, kindred but contrast- 
ing spirits; his camping out with The- 
odore Roosevelt; his relations with Ed- 
ward Henry Harriman; his love for the 
wonderful dog Stickeen; and many 
others. 

The vitalizing thing about John Muir 
was his boundless and (to his friends) 
sometimes embarrassing enthusiasm. 


This was so ingrained in his nature as to 
be entirely unselfconscious. 


It was the 
urge that drove him time and again back 
to the mountains, that sent him traveling 
to the far corners of the earth, that kept 
him fighting and writing to the end of his 
life. He was a man who could be peren- 
nially renewed in spirit by communion 
with the living wilderness, who found 
fresh springs of loveliness and wonder 
with every recontact with nature. To 
read the life of such a man—so out of 
this world and yet so dependent on it— 
is a memorable experience and one that 
few biographies render. The book should 
appeal to many classes of readers—sci- 
entists, naturalists, conservationists, na- 
ture writers and poets, and especially to 
a newer generation of citizens, who may 
remember John Muir only by name but 
who are now enjoying more than they 
know the fruits of his persistent strug- 
gle to save vast areas of incomparable 
American landscape from devastation. 
Pavuu H. OEHSER 


SMITHSONIAN INSTITUTION 
WASHINGTON, D. C. 
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GROWTH FACTORS 
Bioenergetics and Growth. Samuel Brody. 1023 
pp. Illus. 1945. $8.50. Reinhold Publish 
ing Corporation, New York. 

Tuts book presents in detail the results 
of the researches sponsored by the Her- 
man Frasch Foundation for Research in 
Agricultural Chemistry at the Missouri 
Agricultural Experiment Station. 

Very few technical books contain suffi- 
cient experimental data and _ scientific 
developments to warrant a useful life of 
more than a decade. In this respeet Dr. 
Brody’s book is an exception to the gen- 
eral run of books. It is seldom that a 
book is published that will appeal to as 
many different fields as this one will. I 
bought the book for the chapters on 
aging, but found the book so well-written 
and so full of biochemical data that I 
read the entire book. The first part of the 
book (17 chapters) consists of a detailed, 
accurate, and careful treatment of ex- 
perimental biochemistry, nutrition, and 
the biodynamies of life processes related 
primarily to farm animals but also con- 
taining a large amount of data on human 
problems. The chapters on hormones, 
vitamins, and enzymes are very complete. 
Throughout the book the kinetie ap- 
proach and utilization of data are 
stressed. Dr. Brody has emphasized the 
economies of his work and the relation to 
agriculture in all of the material covered. 
The application of thermodynamics, as 
well as kinetics, to the interpretation of 
biological systems is to be advocated. 
The careful analyses of energy relation- 
ships will be of interest to the layman as 
well as the scientist. 

The two chapters on aging are of 
especial interest to the workers in that 
field because they illustrate very well the 
fact that aging is the end product of two 
competing chemical rate processes in the 
body. The wealth of data on aging rates 
and the variation of physiological fune- 
tions with aging are worth the price of 
the book. 
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The last part of the book (6 chapters) 
covers fundamental economic aspects of 
animal husbandry. Throughout the book 
the efficiency of various processes is em- 
phasized and analyzed from the stand- 
point of maximum production, long-term 
production, and cost relationships. I 
have never examined a book of this size 
before that contained a greater wealth 
of experimental data in the form of 
graphs and tables. Some of the statisti- 
cal methods used are given in detail and 
the mathematical results are developed 
from an experimental basis in many 
cases. The impression is given that the 
reader is following the problems dis- 
cussed along with Dr. Brody and his as- 
sociates during the years of work. The 
book is well illustrated with pictures. 
The make-up of the book is good and it is 
well bound. 

Only a few typographical errors were 
noticed. The ones found were: p. 113, 
chlorophyll differs from hemoglobin in 
having different groups on the pyrrole 
rings as well as in the central metallic 
atom; p. 127, the formula for choline is 
in the wrong order; p. 137, oxidation and 
reduction may be defined as the loss and 
gain of electrons, but as a chemist, I 
cannot agree to the statement ‘‘. . . or 
loss and gain of protons;’’ p. 138, 924, 
the statement that fat is converted to 
carbohydrate in the body is disputed 
(The reference is old (1920) and has not 
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been verified;) p. 144, the formula for 
2-thiouracil is not quite correct; p. 150, 
parallel is misspelled; p. 158, typo- 
graphical error, only ln; p. 283, the first 
eraph should be labeled 11.11 instead of 
11.lla; p. 926, in note 69, amphetamine 
is misspelled. Other minor errors will 
probably be found in time. 

In the summarizing chapter available 
sources of energy are discussed from the 
standpoint of fuels. Atomic energy is 
practically discounted. Although war- 
time secrecy was in foree when the book 
was finished (Nov. 1944), sufficient in- 
formation had been published by 1940 to 
indicate the early development of atomic 
energy. Instead-of having enough U235 
for bombs in 1945, we would probably 
have had only enough to run an experi- 
mental power plant, but its early utili- 
zation was expected by many scientists. 
The omission of this point by Dr. Brody 
is a matter of opinion and should not be 
considered as a serious criticism. 

This book is recommended to graduate 
students, investigators, and field workers 
in the fields of animal husbandry, bio- 
chemistry, nutrition, and aging. It will 
be considered a standard reference book 
for many years to come. Dr. Brody and 
the Herman Frasch Foundation are to be 
highly commended upon an excellent job 
accomplished. 

THoMAsS 8. GARDNER 

JOHNSON City, TENN. 
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MORE ON ETHICOGENESIS 


SCIENTIFIC ETHICS 

| make no apology for attempting a fur- 
ther contribution on this subject. The atomic 
bomb underlines the significance of the dis- 
cussion which has recently taken place in the 
pages of THE ScrenTIFIC MONTHLY. Science 
has given to the world an instrument of 
stupendous power. Thereby comes a chal- 
Will science provide us with the 
instrument in the 
a 


lenge. 
means to control that 
interest of humanity or is it to become 
Frankenstein monster to encompass the de- 
struction of its creators? Are scientists con- 
cerned with ethical questions, or is this the 
preserve of the philosophers? Whatever the 
answer, scientists are also human beings and 
as such have a vital interest in the ethical 
question whether it is to be solved by scien- 
tifie or philosophie method. 

Right at the outset of our diseussion I 
think we should try to break down the ex- 
clusiveness of science and philosophy. Dr. 
Leake contrasts the descriptive thinking of 
science with the normative approach of phi- 
losophy with its “pure reason.” Dr. Ro- 
manell pertinently explains that this applies 
aim rather than method, but I think there 
is more to it than this. Probably most peo- 
ple would agree that philosophy has tended 
unduly to armehair thinking inadequately 
checked at the descriptive level while science 
has ignored the very existence of certain 
fundamental problems. The basie distinetion, 
We have had 


tT 
LO 


however, is wideness of aim. 
sciences in the plural but there can be only 
one philosophy. True there may be rival 
claimants for the honor but that is a different 
matter. The various sciences may be equally 
aceeptable and mutually compatible. For the 
most part, however, it has been impossible to 


judge this compatibility owing to the exclu- 
But of late years 
there has been a tendency for some of the 
sciences to overflow their boundaries and link 


sive nature of the fields. 
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up with others, as in the case of chemistry 
and physics. We may expect more and more 
of this with 
the building up of one integrated science. 

It is this 
which 


an increasing tendency towards 


movement towards integration 
the scientist into the field of 
philosophy. What is to come of it? Will 
the new science supersede the old philosophy, 
or will it fall short of philosophy in respect 
of aim or method? 

Let us consider method first. 


leads 


Essentially 
there is only one method to develop under- 
It consists in gaining data and 
We 


tinually getting data through our senses but 


standing. 
seeing its interrelationships. are con- 
sensations mean nothing until they are inter- 
preted. When Kohler’s ape broke a branch 
from a tree to use as a stick to draw bananas 
into his eage, it was the result not merely of 
his seeing the tree or the branch but seeing 
the relation of the piece of branch to the no- 
Now the 


charge against the philosophers is surely that 


stick-to-drag-in-banana situation. 


they have gone on weaving a web of these re- 
lationships until they have achieved a com- 
prehensive theory which solves their philo- 
sophical problems but has not kept in touch 
with objective data en route. Scientists, on 
the other hand, while making a great show of 
meticulous attention to objective details have 
failed to notice that they have also made 
some sweeping assumptions as the basis of 
their interpretation. 

The upshot of all this would seem to be 
that the time has come for scientists and phi- 
losophers to develop a greater degree of co- 
operation. 

Secondly, we have to consider aim. Ro- 
manell opposes the existential of science to 
the normative of ethies and finds that phi- 
losophy is aiming at “wisdom” whereas sci- 


ence aims at “knowledge.” Presumably no 
matter how wide may become the field of 


scientific knowledge it fails to equate itself to 
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the “wisdom” at which philosophy aims. 
This latter is concerned not with what is but 
with what ought to be. 

Here 
problem. 
an essential difference between science and 
Here we become faced again 


seems to be the real crux of the 


Here is the ground for asserting 


philosophy. 
with the problem of what does constitute a 
basis for the laws of ethics. 

This distinction as between the existential 
and the normative would seem to imply that 
ethical data is in some way less real than 
that of science. It does not really exist. It 
is just a sort of plan of what might and 
should exist. It is concerned with laws which 
derive their validity from something we know 
not what, whereas the laws of science are such 
in their own right! 

It seems to me that the behavior of man 
through the centuries reveals a deep-seated 
resentment against this. He has strived in 
various ways to justify the fundamental 
claims of All this may be ex- 
plicable in terms of psychoanalysis, or maybe 


moral law. 


psychoanalysis itself uses assumptions which 
Any psychology 
With 


equally need explaining. 
must have some theory of motivation. 
regard to human conduct we can justifiably 
ask “why?” in a sense unknown to the sci- 
entist as such. You may ask the scientist 
why it is raining but his answer is almost 
He will 
trace for you a set of relationships in time 
and space, but when mother asks Tommy 
why he stole the jam, she is not satisfied with 
an explanation of this kind. Ultimately the 
answer to “why?” must be in subjective 
terms. A man doesn’t really make love be- 
cause it is conducive to the welfare of the 
species; he does it for the unique satisfaction 
He does it because the 


certain to be in terms of “how.” 


whieh it gives him. 
activity has value for him and value is some- 
thing experienced only subjectively. 

I would suggest that all our human be- 
havior, or at least what we regard as the 
“higher” forms of behavior, are determined 
by a set of values of this kind. These values, 
I would hold, are just as real and funda- 
mental as the qualities which we assign to 
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matter. After all, matter is just the com- 
mon-sense interpretation of our experience, 
Our evidence for value is of the same nature 
as our evidence for electricity, and perhaps 
even more direct. 

If we can accept value in this sense, we 
shall not be called on to explain ethies as 
based upon some attenuated theory of rea- 
soning. No one can be motivated by pure 
logic; it must always strike home to some 
value complex if it is to influence behavior, 
We all feel the truth of that in some way 
but difficulties think of 
human desires as essentially selfish and often 


arise because we 
at variance with what we regard as good and 
We are thus led to look for an ethieal 
standard which transcends human 
The biologist naturally tends to think of this 
higher standard in terms of racial welfare, 


right. 
desires. 


evolutionary increasing survival 
value. He fails to notice that, if matter is 
subject to evolution, value may be subject to 
the same process. More especially he fails to 
notice that this concept of value, far from 


progress, 


emphasizing the selfishness of human beings, 
provides the bridge by which individual ac 
tion may lead to group welfare. The be- 
havior which value motivates is not neces- 
sarily that which will further individual wel- 
fare. It may dictate the saerifice of the indi- 
vidual for the benefit of others. 

Scientists such as Leake make the funda- 
mental mistake of thinking that individual 
welfare is all-important to the individual in 
its own right. Not mere living is the impor- 
tant thing but the experiencing of values, and 
we might have the paradoxical state of affairs 
where dying provides the greater experience 
of value. But notice that individuals so con 
stituted would hardly live long enough to re 
produce their kind. Evolving valves must be, 
on the whole, conducive to the survival of the 
individual and the race so that values do sub- 
serve racial continuance, and thus Leake’s 
criterion seems to be justified. We have just 
introduced a further term. But have we? 
Might it not be more logical to assert that 
we continue life in order to experience value 
than to say that we experience value in order 
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) continue life? For we cannot legitimately 


k in terms of purpose and desirability 


re 


util value exists, and the fact that value 
promotes the continuance of life cannot be 


used to prove that life itself is of greater 
value than the value which informs it. 

All this may seem at first rather confusing 
and, apart from the paradox, might be ex- 
pressed more clearly, but once the nature of 
value is understood all the rest follows. 

Finally let us examine in more detail the 
problem of the individual acting in the in- 
terests of the group at the cost of his own 
welfare. This is the rock on which so many 
ethical systems have foundered. Some sys- 
tems have established a satisfactory goal in 
terms of group welfare but have been quite 
unable to provide any adequate motive for its 
pursuit; others have found adequate motiva- 
tion but have been unable to direct it beyond 
Morality is surely 
something more than the latter. The concept 
of value as I have propounded it here allows 
us to exalt ethical principles to a place of 
honor without any need for mystical deriva- 
tion of the authority for moral law. Moral 
law, like physical law, is implicit in the evolv- 
ing universe and needs to be derived neither 


enlightened selfishness. 


from the personal commands of a deity nor 
the logie of the seientists and philosophers. 
Logie may indeed be used in its discovery, 
but this is rather different from invention, 
whieh is more nearly the role that many sci- 
entists would seem to think necessary. 

All life processes are necessarily associated 
That which conduces to the sur- 
vival of the individual, by a process of evolu- 
tion rather than of logic, be it noted, tends 
to be linked with value, so that what indi- 


with value. 


viduals wish to do is usually in their own 
But that which tends to race sur- 
vival is necessarily even more certainly linked 


interests. 


with value, so that in case of value conflict, 
which is very frequent in some form, the 
racial values will tend to predominate over 
the individual values. So individuals are 
able to transeend what we might term their 
inherent selfishness. We are capable of a 


divine nobility. 
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I should like to pursue my theme into some 
of its many ramifications but I will content 
myself with one more effort to drive home 
my fundamental point. 1 wish to emphasize 
that value as I have spoken of it here exists 
funda 


in its own right. It is one of the 


mental givens. Certain laws of thought can 
be denied only if we assume their truth in 
Value 
would seem to be in a similar position but 
Within the realm of 
conduct we take value for granted whether 
But if we 
fundamental 


the argument by which we deny them! 
in a more subtle way. 


we recognize it explicitly or not. 
do recognize it explicitly as a 
it provides us with a key to unlock our eth- 
ical puzzles. 
evolution 


We can proceed to study the 


and integration of values and 
thereby explain the normative problems in 
terms of a wider existential basis. 


C. J. ApcocK 


A SCIENTIFIC VERSUS A META- 
PHYSICAL APPROACH TO 
ETHICS 


The response to my provisional attempt at 
the April 
Monru.y has been startling and stimulating. 


“ethicogenesis” in SCIENTIFIC 
It ranges from querulous versifying to Pro- 
fessor Patrick Romanell’s patient and help- 
October 


ful philosophical analysis in the 


SCIENTIFIC MONTHLY. Most gratifying has 
been the impression that it may be possible 
to promote a cooperative endeavor between 
interested philosophers and scientists in ex- 
ploring a proposed scientific approach to 
ethies. 

While many professional philosophers are 
frankly skeptical of approaching ethics in 
a scientific manner, there are apparently some 
who are interested, especially in attempting 
a study of the consequences of the evolution 
On the other 
hand, many seem to insist on retaining an 


of interhuman adaptations. 
a priort metaphysics (often supernatural- 
istic) as a basis for a theory of ethies. Even 
while admitting that the principles of ethical 
theorizing may be as scientifically developed 
as in physical theorizing, they claim that the 
subject matter to be dealt with is not of the 
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same sort. The “primitive facts” for ethics 
are held to be individual judgments such as, 
“This act is wrong” or “This man is evil” or 
“This ought to be done.” It is the seientist’s 
contention, however, that the primitive facts 
for ethics are the same as those with which 
scientists usually deal; namely, the elucida- 
tion of the consequences of action (or energy 
exchanges) on the basis of our objectively 
verifiable and voluntarily agreed upon knowl- 
edge of ourselves and our environment. 
The resolution of the difficulty may occur 
through careful consideration by philoso- 
phers of what demonstrable knowledge we 
now possess of the mechanisms of brain ac- 
tivity. Instead of continuing to keep their 


heads ostrich-like in the barren sands of 


centuries of speculation on the semantic 
mysteries of “mind,” some of our philoso- 
phers might profit from a careful reading 
of current neurophysiology. 

While there is fair general appreciation of 
the work of Pavlov, Head, Sherrington, Can- 
non, and Herrick, there is little evidence of 
significance of the work of these men in the 
writings of the majority of current philoso- 
phers. One would think that philosophers 
would base their speculative ideas on volun- 
tarily agreed upon and objectively demon- 
strable facts. It may be too much to ask 
philosophers to keep abreast of current work 
in neurophysioogy, but at least one might ex- 
pect them to become acquainted with the 
field. 
pecting too much to ask them to familiarize 


classies in the It should not be ex- 
themselves with reeent summaries, such as 
Phi- 


losophers might also derive much interesting 
? Db 


those of Tilney, Krieg, and Fulton. 


but ineonclusive information regarding the 
chemistry of the brain from Page’s book by 
that name. 

As study of the brain proceeds, scientists 


expect the disappearance of the notion of 


“mind” as something supernatural and thus 
different from the possible mechanisms of 
matter. Now that the expenditure of two 
billions of dollars has resulted in the awful 
control of the release of atomie energy, with 


the possibility of a controlled peace, it might 
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be wise for us to devote at least an equal sum 
to the study of energy transformations in the 
brain. We might thus learn what limitations 
there may be to the validity of our thought. 
With reference to Professor Romanell’s 
“reply,” let it be clear at once that it is 
generally agreed that philosophers have th. 
our rapidly 


responsibility of developing 


growing scientific knowledge into such 


’ or “wisdom” as may 


“faiths” or “syntheses’ 
be satisfying from time to time to our yearn- 
ing to understand “what it’s all about.” In 
undertaking this important responsibility, 
however, it seems necessary that philosophers 
keep within the limits of what our growing 
scientific knowledge shows to be possible or 
probable. 

In a tender discussion of “Mathematics as 
Dresden 


an Intereultural Bridge,” Arnold 


ably refutes the common notion as expressed 
‘ 


by James Darmesteter that “science equips 


man, but does not guide him.. . it is invinci- 
ble, but indifferent, neutral, unmoral.” Sci 
entists may strive to be neutral, but never 
indifferent nor unmoral. Dresden shows that 
the basic mathematical principles of inver- 
sion, of the order in which operations are 
performed, and of existence theorems are of 
profound moral significance, under condi- 
tions of reasonable association. Similarly 
other scientific endeavors in physies, chemis- 
try, and especially in biology may be shown to 
have significant moral implications under the 
same conditions, 

Spencer indicated these contributions ot 
science to ethics, as did Leslie Stephens, W. 
R. Sorley, A. E. Taylor, and George Gore in 
a previous generation, and as Dewey and his 
pupils, R. B. Conklin, Herrick, 
Holmes, Cannon, Waddington, Julian Hux- 


Perry, 
ley, and others are doing now. It seems pre- 
requisite to a discussion of what constitutes 
right or wrong conduct to elucidate, on the 
principle of inversion, all possible conse- 
quences of action, whether particular or gen 
eral. Further, for such a discussion it ap 
pears necessary, on the basis of an existence 
theorem, to determine what conditions are 
for a desired end or 


essential or sufficient 
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purpose. These prerequisites can be met in 
part by the efforts of scientists. The synthe- 
sis or coordination of agreed upon scientific 


data, with reference to a general problem or 


proposition, is the business of philosophers. 


The Greeks appear to have recognized the 
trinitarian relations of logic, aestheties, and 
ethies. They emphasized the necessity of 
knowing the “truth” about a matter before 
purposes can be chosen, or techniques used to 
apply knowledge to the accomplishment of 
purposes. The job of scientists is to obtain 
“truth”; of philosophers and statesmen, to 
choose appropriate and possible purposes, 
and of artists and engineers, to apply knowl- 
edge to the accomplishment of purposes. 

Professor Romanell pays me a great com- 
pliment in so carefully analyzing my effort 
to induce a naturally operating ethical prin- 
His analysis reveals many points at 
Thus, 


ciple. 
which I failed to make myself clear. 
I had hoped that my definition of the general 
procedure of scientists would have indicated 
the importance of the experimental endeavor 
as well as of the descriptive approach. My 
emphasis on the latter was made in contrast 
to the normative approach characteristic of 
classical ethics. My purpose was to suggest 
the possible importance of a scientific ap- 
proach in ethies, particularly from the stand- 
point of elucidating the consequences of 
actions and the conditions necessary or suffi- 
cient for the accomplishment of purposes. 

[t is not clear that ethics by definition is 
essentially a normative pursuit. Ethies is 
concerned with the problem of goodness, 
which is a matter of conduct, and thus of 
relations between people. Sociology, anthro- 
pology, psychiatry, psychology, and thus in 
a broad way, physiology and biology, become 
significant scientifie disciplines for ethics. 
Nor are the raw data for ethics merely the 
judgments of different persons as to what is 
right or wrong, or what ought or ought not 
to be done, as Dueasse implies. The various 
factors conditioning these normative concepts 
are perhaps even more important as data for 
Such factors are elucidated by sci- 
entifie effort. 


ethies. 
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Professor Romanell says that a normative 
inquiry is concerned mainly with studying ob- 
jects as they ought to be. Is it not pertinent 
first to explore, as in an existence theorem, 
what is possible for these objects of study to 
be? Such an exploration may proceed with 
greater surety by scientific methods rather 
than by speculative. If “ethics is an exami- 
nation of the good life,” then it must also be 
an examination of the factors in life which 
are conducive to the good. Such an exami- 
nation would surely profit from a scientific 
approach, both descriptive and experimental. 

There seems to be some confusion in Pro 
fessor Romanell’s logie regarding existential 
and normative inquiries. If a normative in- 
quiry is concerned with what ought to be, 
then it certainly involves a method of choos- 
this 


speculative or metaphysical, as in classical 


ing what ought to be. If method is 
ethics, then it may fall to pieces by failing 
If the method 


is scientific, one proceeds, first, by knowing 


to recognize the impossible. 


what is, and then, second, by knowing the 
When 


quences are known, an adaptive or rational 


consequences of what is. the conse- 
choice may then properly be made with re- 
spect to the purposes intended. Rationality 
in choice involves appropriateness of adapta- 
tion to the end desired. The normative in- 
quiry involves, as Romanell implies, choice 
of purpose. However, in order to have any 
validity, that choice must be based on what 
we know is possible. It seems, therefore, 
that there is a normative method in ethies, 
which, if not properly replaceable via sci- 
entific method, might at least well be supple- 
mented by one. To this, I think, Professor 
Romanell may agree. 

To the scientist it is irrelevant or meaning 
less to discuss in general how people ought 
or ought not to act. The scientist proceeds 
by finding, through verifiable experiment, the 
particular conditions necessary to be met in 
order to achieve some particular end. Our 
effort to generalize this proposition results 
in the tentative formulation of an operative 
natural principle, inducible from the plethora 
of common experience, to the effect that, if 
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the end to be reached is a lasting, satisfying 
relationship between individuals or groups 
of individuals, the condition necessary to be 
met is that the relationship must become 
mutually satisfying. It is perhaps significant 
that none of the many erities of my essay on 
ethicogenesis make a systematic attack on 
the attempted formulation of a naturally 
operative ethical principle. 

Professor Romanell is also confusing in 
his discussion of the relation of the real to 
the ideal. If the ideal is distinguished from 
the real, then its unreality is admitted, and 
its validity becomes questionable. Is it not 
possible to place the concept of the ideal in 
appropriate scientifie reference by consider- 
ing it to be an asymptotic limit, never to be 
reached, and therefore valid merely as an 
asymptote? 

It is regrettable that I should have implied 
to Professor Romanell that philosophy is 
dead, when I suggested that perhaps meta- 
physics has no further meaning in view of 
our present knowledge of ourselves and our 
environment. It would seem, in the light of 
current scientific developments, that philoso- 
phy might advance more rapidly and effee- 
tively without metaphysical impedimenta by 
deriving justifiable generalizations from the 
demonstrable scientific knowledge we now 
possess of ourselves and our environment and 
by elucidating the consequences thereof. 

Professor Romanell might be under much 
strain if called upon to justify claims for an 
inverse relation between certainty and depth 
of knowledge, or between detail and signifi- 
eance of knowledge. If he was thinking of 
the Heisenberg uncertainty principle when 
he thus dogmatized, he was unfortunately led 
into a false and dangerous analogy. 

Many philosophers make much of the no- 
tion that an organism is more than the sum of 
This is perhaps not a fair way to 
There is the assump- 


its parts. 
state the proposition. 
tion that an organism appears to be more 
than the full sum of all of its parts and their 
respective potentialities. Some of the avail- 
able data on biological levels of organization 
have been summarized by A. E. Emerson and 
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R. W. Gerard. The factor of time in the or- 
ganization of living things may also be ex- 
plored scientifically as du Nouy showed, with 
more than a hint of metaphysical skill. 
There is nothing occult, metaphysical, or 
supernatural about the concept implied by 
the Neurologists indicate 
that richness of sense experience may be 


word “wisdom.” 
readily reflected in richness of neuron associ- 
ation. Similarly “vision” and “understand- 
ing” are symbols referring to the ease and 
richness of neuron association in the brain 
in bringing together appropriate neuron as- 
sociation pathways built from the richness 
of sense perception and experience. By 
reference indeed to the degree of universality 
of neuron association pathways in different 
individuals as manifested by similarity of re- 
action to similar sense experiences, one may 
apply the canons of science to philosophical 
propositions. Those which may be refuted 
by this method may properly be termed meta 
physical irrelevance. 

Professor Romanell apparently does not 
differentiate between philosophy and meta- 
physies or between metaphysics and science. 
To the scientist, however, it seems that meta- 
physies has no validity because it has no basis 
in the objectively verifiable or demonstrable. 
This is to say that it has no basis in scientific 
knowledge, and hence no present reality. 
Philosophy has a valid and significant fune- 
tion in coordinating scientific knowledge and 
elucidating the consequences thereof. An at- 
tempt was made to define scientific endeavor 
in the article discussed by Professor Roma- 
nell. By metaphysics is generally meant that 
which is beyond the physical. The scientist 
ean find nothing there, and hence can’t be- 
lieve in it. In my discussion here I am using 
“metaphysics” as a symbol for all super- 
natural explanations or speculations about 
phenomena, and as a general symbol for such 
presumed nonphysical or nonmaterial, but 
allegedly real, concepts as “mind” or “soul.” 

It is from this position that the scientist 
rejects metaphysical irrelevance in attempt- 
ing an approach to ethics. As Professor 
Romanell proceeds in his discussion of the 
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interrelations of science and philosophy it 
would seem that scientists generally would 
be in sympathetic agreement with him. The 
scientist holds, however, that the “truth” can 
best be obtained by the scientific method and 
that metaphysical considerations introduce 
unnecessary nonverifiable speculations and 
semantically confusing concepts. 

In his critique of my Darwinian argument 
in connection with a naturally operative ethi- 
cal prineiple, Professor Romanell reveals 
again my failure to make myself clear. I 
attempted to emphasize the significance of 
adaptation in the Darwinian exposition of 
Darwin realized his error in re- 
It was 


evolution. 
ferring to a “struggle for existence.” 
this phrase which Nietzsche exploited and 
against which Samuel Butler, Edmund Mont- 
gomery, Henri Bergson, Alfred Noyes, and 
Jacques Barzun so vigorously reacted. It 


Thomas Huxley who unfortunately 
popularized it and himself revolted from it. 
But Charles Darwin did not stress the 
struggle for existence nor “nature red with 
tooth and claw,” nor the “gladiatorial theory 
of existence.” Darwin did emphasize adapta- 
environmental circumstances as a 
It is this 
aspect of theory 
which is considered to be significant ethically, 
and which I think he so regarded. 

An attempt was made previously to be 
explicit regarding the implications of Dar- 
winian faetors in survival, but apparently 
Professor Romanell preferred to follow the 
usual but rather erroneous ideas associated 
His strictures against 


Was 


tion to 
necessary condition for survival. 
Darwinian evolutionary 


with Darwin’s thesis. 
my point of view are therefore slightly ir- 
relevant, but they are helpful in proposing a 
clarification of the matter. It is quite unfair 
to Darwin to imply that Nietzsche’s iron rule 
is part of Darwinian ethics. Darwin’s con- 
tribution to ethies was essentially to offer 
biological evidence in support of the Aris- 
totelian harmony theory of ethics. This, as 
has been later developed, appears to be a 
mater of adaptation, adjustment, and com- 
promise toward what may become mutually 
satisfying. 
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My very minor contribution is simply to 


offer expression of the conditions under 
individuals 
This 
expression gives a scientific basis for choice 
From the 


which relations between human 


or groups may be expected to survive. 


of conduct, and thus for ethics. 
plethora of universal experience, this general 
principle may be induced: Behavior patterns 
between individual persons or groups of peo- 
ple tend to become adjusted (by trial and 
miss) toward those which yield the greatest 
mutual satisfaction. It seems that the con- 
cept of “good” arises from developing ex- 
perience with the more satisfying behavior 
pattern. 

The principle may perhaps be more sci- 
entifically expressed in a manner explicitly 
stating the conditions under which relation- 
ships between people may be expected to 
survive: The probability of survival of a 
relationship between individual humans or 
groups of humans increases with the extent 
to which that relationship is mutually satisfy- 
ing. As a practical matter, this principle 
may be worth much attention and appropri- 
ate application in dealing with our Russian 
ally. The Russians are perhaps most likely 
of all peoples to appreciate the natural 
operation of the principle. 

To Professor Romanell’s inspirational 
closing it may be asked, If all good people 
sacrifice themselves, what happens then? We 
can’t all be Jesus Christs, John Husses, 
Giordano Brunos, Miguel Servetuses, or even 
Marines. Some of us have to go on living 
ordinary, commonplace, everyday lives. Per- 
haps it even takes more heroism to face the 
dull grind of routine, humdrum daily life 
with equanimity and dignity than to ride the 
winds of faney snatching at what seems to 
be fire in hope of being another Prometheus. 

Let it be hoped that this discussion may be 
extended to a serious effort on the part of 
philosophers and scientists to understand 
each other more thoroughly. Scientists cer- 
tainly have much to learn from philosophers, 
and it seems that philosophers might profit 
greatly by becoming more fully acquainted 
with current scientific developments, par- 
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ticularly in biology, neurophysiology, psy- 
chology, psychiatry, anthropology, and soci- 
ology. The efforts of scientists in these fields 
may supply significant and important data 
not only for a sound ethic, but also for a 
satisfying general philosophy. 

Cuauncey D. LEAKE 


CRACKING THE CONCEPT 
The wish to live in a more decent world is 


felt by man without the least effort on his 


part. The preference for better conditions 
in the presence of inferior ones is inborn 
in man. This is what John Dewey has in 
mind when he remarks in his Human Nature 
and Conduct: is itself the 
product of discontent with conditions.” But 
this wished-for better world will not become 


“ . . the ideal 


a reality without our effort—a long, sus- 
tained, concerted effort. 

However, in order that man may be per- 
suaded to put forth the intense effort re- 
quired to change chaos into order, he must 
feel that he has the necessary stature for the 
assignment, at least the potentialities. 

The man Christian philosophy looked at 
had the required stature for the task. But 
the Christian concept of man has disap- 
peared from academic circles. 

The naked statement that the Christian 
concept of man has vanished from Academia 
may be shocking to some. But this is what 
Mortimer Adler is trying to tell us when he 
writes a whole book on what man has done to 
man: when he writes on what psychoanalysts, 
psychologists, psychiatrists have done to 
man’s concept of himself. 

Let us see how much the modern educated 
man has wandered away from the Christian 
concept of himself. According to the Chris- 
tian philosophy, man’s reason—“the soul’s 
summit,” as Thomas Aquinas called it—has 
a higher hierarchy than the rest of man’s 
The rest of his hungers are those 
which he has in with the beasts. 
This is so definitely true that the entire 
Christian concept of freedom rests squarely 
upon the Christian concept of reason. 

Hierarchy, however, is a concept alien to 


hungers. 
common 
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the so-called scientific approach. Let us look 
at this reality through Professor Stace’s book, 
The Destiny of Western Man. 
book because it received the sole award of 
$2,500 in a contest intended primarily for 
educators, and because the committee which 


I choose this 


made the award was composed of prominent 
men. One of them was Carl Van Doren, who 
called it “a book of world-wide significance, 
sure to clarify and fortify contemporary 
opinion and to leave its mark on years to 
come.” 

Says Professor Stace on page 93 of his 
book: “The Greeks, therefore, had in general 
no right to their belief that man is superior 
to the other animals. ... And therefore, we 
cannot admit the validity of that argument 
in favor of the primacy of reason which bases 
itself upon man’s superiority to the rest of 
creation.” (Italics mine.) 

However, unless the concept of the pri- 
even John 
Dewey is meaningless in education: “The 
ideal aim of education,” Dewey says, “is the 
creation of power of self-control.”  Self- 
control, we are tempted to ask Dewey’s 
pupils, is control of what over what? What 
is self identified with? Hierarchy is implied 
in the term self-control. Or else the term 


macy of reason is recovered, 


is meaningless. 

That the term self-control is meaningless 
at present is revealed by the unsubstantial, 
makeshift character of our education. Quot- 
ing “someone,” Professor Frederick G. Nich- 
ols of Harvard wrote in 1942: 

About 1900 in the University of Iowa a 
teacher took a hen into the class and, while this 
was a good deal of an innovation, it was simply 
a hen. About 1910 this hen. had become a 
‘‘problem.’’?’ About 1915 it had become a 
‘“project.’’ About 1919 this hen was a ‘‘ unit of 
work.’’ Around 1925 it was an ‘‘activity.’’ 
In 1930 it became the basis of an ‘‘integrated 
program.’’ And lo! In 1936 this poor hen has 
become a ‘‘frame of reference.’’ 

In our age two philosophers—especially 
two—have taken the warpath to recapture 
the Christian concept of man: Jaeques Mari- 
tain and Mortimer Adler. They are trying 
to recapture the concept via Saint Thomas 
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Aquinas. They have taken the silent, solemn 
road untrodden by modern specialists. I, for 
one, would like to see them come out victo- 
rious in their daring adventure, but I do not 
even dare hope for their victory. Borrowing 
Korzybski’s terminology, one would say that 
our age has become so “neuro-semantically 
conditioned” by education as to have become 
“eonstitutionally ineapable” of understanding 
such men as Aquinas or Kant. On page 140 
of his Destiny of Western Man the Princeton 
Professor says: “And this outward aping of 
goodness was what poor Kant thought to be 
the essence of virtue.” After reading such a 
statement where aping of goodness and Kant 
are uttered in the same breath, and after tak- 
ing into consideration the authority conferred 
upon the statement by the award, one feels 
that both Maritain and Adler had better take 
notice of the elosed-road signs along the soli- 
tary path which they have been traveling. 

It may appear absurd to philosophers, but 
in our age of specialization it is not only 
man’s concept of matter which must come 
from science, but also man’s concept of him- 
self. 

The much-diseussed release of nuclear en- 
ergy might afford the opportunity for scien- 
tists to step forward with a concept of man 
which will make integration of knowledge 
possible. Knowledge is disintegrated simply 
because the concept of man is out of joint. 
What of knowledge really 
means is that it is not culturally mandatory 
to make good use of knowledge. However, if 
the seientifie concept of man coincided with 
the Christian concept of man, it would be 
culturally mandatory for man to make good 
Once man is put to- 
gether everything else falls into place. And 
now that the scientists have released nuclear 
energy, the layman feels that science is re- 
sponsible for the giant’s behavior. And sci- 
ence would be equal to the task of controlling 
the monster if it had evolved by now a de- 
seriptive ethies of its own. Men of science 
talk and talk about the necessity of a deserip- 
tive approach to the subject of morality. Yet 
they have not given us that descriptive ethies 


disintegration 


use of his knowledge. 
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which should replace the normative variety 
which has been so bantered and discredited. 

A descriptive ethics must of course de- 
scribe man, not his doings. This last would 
be history. And it cannot take the easy and 
superficial course of describing man as a 
“domestic animal.” It has to describe the 
specifically human nature of man, not the 
part which man has in common with the 
beast. It must take account of this fact in 
man’s nature which was pointed out by Kant: 


“Everything in nature works according to 


laws. Rational beings alone have the faculty 


of acting according to the conception of laws, 
that is, according to principles. .. .” 

At the stage of specialization of our knowl- 
edge, to determine what is specifically human 
in man requires a veritable cracking of the 
concept of man. This cracking, in its turn, 
requires a concerted effort of specialists; as 
much as was required for the atomie bomb. 

Let us glance at the following three fields 
of specialization to realize why the effort 
must come from many fields: 

Psychoanalysis. Here is a school which 
denies rationality and puts rationalization 
in the place which rationality leaves empty. 
If the 


however, he soon discovers that his school 


psychoanalyst is analytic enough, 
eures by the very opposite principle which 
it proclaims. No psychoanalyst cures, for 
instance, by providing suitable mates; he 
cures by providing explanations. And a per- 
son who can be cured by explanations must 
be a highly rational being. An individual for 
whom to understand is to heal must have a 
diffuse rationality—one which penetrates and 
overpowers libido. 

While the psychoanalyst is curing by ex- 
planations he could jot down for his deserip- 
tive ethics: Once reason understands it cre- 
ates order below. Reason, therefore, must 
have an immanent power to govern the psy- 
chophysical hungers of the self. 

Hypnotism. Of course a specialist could 
remain at the toying stage with hypnotism. 
But a specialist might heed Hegel’s words: 
insofar as in 
If he tries to 


“T only know of an object 


it I also learn of myself.” 
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learn of himself, of man, in his object or sub- 
ject he may learn a lot. His experience has 
shown him, for instance, that under hypnotie 
or posthypnotie suggestion a man will dispos- 
sess himself of all his worldly goods and be- 
queath them to a stranger. Should the reader 
be skeptical let him consult Hugo Miinster- 
berg’s authoritative On the Witness Stand. 
And in some cases a man under posthypnotie 
suggestion will even accuse himself of a crime 
which he has never committed, and thereby 
land in the electric chair. But a man under 
hypnotie influence will not violate what to 
him is a moral principle. 

When this something which is stronger 
than hypnotie suggestion comes to the surface 
of man’s being, the specialist could write 
down for his descriptive ethies : Man’s affinity 
for a moral principle is stronger than his 
instinet for self-preservation. 

Industrial Psychology. The long experi- 
ment conducted at the Western Electric 
Hawthorne Plant reveals that man as a 
physical organism does better under bad 
conditions than under unjust conditions. 
Only a highly rational being would be af- 
fected by unjust conditions which are physi- 
eally good. And only if rationality has an 
immanent power over the rest of man’s re- 
actions would the above characteristic reveal 
itself under experimental conditions. 

The descriptive ethics which could come 
from cross-specialization must establish these 
two facts: (1) Man’s rationality, differing 
not only in degree but in kind from animal 
intelligence. (2) Reason’s immanent power 
to govern the rest of man’s personality. 

These two facts must be proved scientifi- 
cally if democracy is to be differentiated 
from nazism by something more than military 
victory. Democracy is a product of a theory 
of human personality; nazism is also a prod- 
uct of a theory of human personality. What 
is the personality behind the democratic 
theory? Well, democracy is a faith that 
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man can live with self-imposed oughts. Only 
a rational being, of course, could live with 
self-imposed oughts, and only so if his reason 
has an immanent power to govern his desires 
and impulses. Otherwise oughts would have 
to be externally imposed. 

If man’s affinity for correct solutions wer 
not potentially stronger than his affinity fo. 
the things which satisfy his cravings, demoe- 
racy would be a dream. Democracy would 
stand distant and empty—a meaningless 
Greco-Christian myth. 

In writing their descriptive ethies, special- 
ists must not forget that man could hav 
been so constituted that he had an affinity for 
wrong solutions, or at least that between a 
right and a wrong solution he would be in- 
different. Had that been man’s condition, 
science, philosophy, and democracy would be 
unknown in the world. Democracy would 
also be impossible if man did not have a 
wider scope for perceiving as right the right 
solution than for discovering it. 

Science has steadily rejected normativ 
ethics. But in this hour of erisis, in which 
science is about to lose its freedom, would 
not scientists gallantly step forward and 
give us a truly descriptive human ethies—an 
ethies that could not possibly be thrown off 
the saddle by scientifie progress? 

To match the cracking of the atom there 
must be a parallel cracking of the concept of 
man. Each specialist would have to start 
bombardment within his own field. If he 
goes at it hard enough he will discover, 
crouching within his own field of specializa- 
tion, a man of much larger stature than the 
one his specialty stands for. 

If the bombardment is started from all 
quarters and the concept is cracked, the re- 
lease of spiritual energy will be voluminous 
enough to make physical nuclear energy 
behave. It might be powerful enough to 
light the lamps of peace and keep them 
burning. 


Ana Maria O’NEILL 
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Prof. Sumner’s Wise Reflections 

Permit a mere journalist, retired after fifty 
years of activity, and now facing extreme old 
age, to congratulate you on the publication of 
Prof. Sumner’s profound and _ philosophical 
article on old age and death. War almost in- 
variably leads to the revival of what some 
people choose to eall religion, but what is in 
reality crude superstition and naive beliefs 
supported by no evidence worthy of the name. 
These efforts are futile and vain, of course, but 
while they last, they do some harm. Voltaire 
did not say that those who believe in absurdi- 
ties are prone to commit atrocities, but he 
might have said it, for it is true. 

The dread of death, as Prof. Sumner—who, 
by the way, was a fellow La Jollan and almost 
a neighbor of mine—points out, is either a 
dread of hell-fire, which is an absurdity, or 
else a dread of total extinction, and this kind 
of dread is normal enough. Huxley had it, 
as he confessed. But we are intelligent beings, 
for the most part, if we get any education and 
introduction to the wisdom of the ages, and we 
learn that extinction is the common lot, except 
the lot of matter in its simplest form. Human 
life is tragic, because life abhors the idea of 
extinction. But life, on the whole, is good, not 
bad, and it is better to live the average human 
span than not to live at all. 

As for individual or personal immortality, 
it is what Spencer called a ‘‘pseud-idea.’’ No 
one can imagine the existence of a disembodied 
soul or spirit. No one can really believe that 
after death something indescribable and incon- 
ceivable leaves the body and continues to float 
somewhere in space in some other shape or 
form—doing what, serving what purpose, pray? 
No one knows. No one can know, apparently. 
Can we take seriously those who tell us, sol- 
emnly, that in heaven there are cocktails sans 
aleohol and tobacco sans nicotine? (Sir Oliver 
Lodge’s ‘‘Raymond’’ for instance?) Prof. 
Sumner’s reflections on this question are criti- 
cism-proof. 

In recent magazine papers, some writers have 
taken the odd position that immortality, which 
cannot be proved, is at least ‘‘probable.’’ 
Why? Because, forsooth, nature cannot afford 
to waste and lose human personality, the most 
precious thing there is in the universe. The 
conservation of matter, or energy, suggests that 
personality, too, is being conserved. This argu- 
ment is not even plausible. What becomes of 
personality in senility, in loss of memory as 
the result of certain diseases—as in the case of 
Henrik Ibsen, who had to relearn the alphabet 
after seventy? What happens to personality in 
the case of the young who die before maturity 
and full development of their powers? Finally, 
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the best in personality does survive death, not 
in the shape of a disembodied soul, but in the 
form of pictures, buildings, 
Bach, Beethoven, Dante, Milton, Shakespeare, 
Kant, are not dead—they live and mold our 
lives, ennoble and enrich our personalities. 

It is to be hoped that Prof. Sumner’s brave 
and candid paper will encourage other men of 
science to publish their ripe reflections on life, 


books, musi¢c, 


senescence, death, and reasonable ideas of im 
mortality. Men of leaving their 
ivory towers, or their laboratories, and mani- 


science are 


festing concern about our pressing and difficult 


problems, moral, economic, and social. It is 


their duty and privilege to help build a better 
world, a world free from superstition, barbar- 
ism, and injustice. 

Victor S,. YARROS 


Professor Sumner’s Unwise Reflections 


In the August 1945 ScrENTIFIC MONTHLY the 
essayist of ‘‘A Biologist Reflects Upon Old Age 
and Death’’ has certainly ventured far afield 
from his entitled theme. He has virtually tried 
to offer a new concept on suicide, and one on 
the status of religion in the realm of ‘‘ thinking 
persons. ’’ 

With a view to our own laws and moral codes, 
(which we observe and cherish as American) 
suicide is an illegal act, is immoral, foolhardy, 
and cowardly. Incidentally, we certainly should 
not and cannot evaluate nor judge the Japanese 
with their national propensity for suicide, by 
our own laws and moral codes. But the author 
records, ‘‘Suicide, far from being ‘cowardly,’ 
as is so often pretended, is for most persons an 
act of supreme courage. Is it not really cow- 
ardice which has prevented most lives from 
being ended prematurely at moments when con- 
ditions seemed intolerable?’’ 

It is disconcerting to observe a ‘‘scientist,’’ 
one who searches for the truth, expounding a 
self-styled doctrine which, when carefully and 
impartially analyzed, is neither scientific nor 
popular. 

The author’s subtle thrust upon religion is 
the equivalent of an explanation for his neat 
compilation on suicide. 

Otherwise, the orderly expositions on lack of 
driving becoming less impressionable, 
and the evidence of a failing memory seem to 
be more germane to the implications of the title 
of his interesting paper. 

The author’s inference, as expressed in his 
footnote, ‘‘that scientists as a class are ‘tough 
minded,’ ’’ is indeed presumptuous. Any 
limited circle of friends or acquaintances should 
not be used as an indiscriminate ‘‘ yardstick’’ 
by anyone. 


power, 


HARRY MAETH, D.D.S. 
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THE BROWNSTONE TOWER 


ALEXANDER WET- 
MORE, Secretary of 





the Smithsonian In- 
stitution and a dis- 
tinguished ornithol- 
ogist, was kind 
enough to comment 
on our Christmas 
story of the owls 
of the Brownstone 











Tower. He wrote 
as follows: “The barn owl of the Smithsonian 
towers is an old friend of mine, as I have 
known this bird, and his predecessors in 
tenancy, since 1912. Actually, the bird has 
become almost a legend, since Pierre Louis 
Jouy, who worked at the Institution for a 
time, records this owl in his list of District 
species published in 1877, and Coues and 
Prentiss in 1883 remarked that it ‘is known 
to have nested in the Smithsonian towers’.” 

In a later conversation Dr. Wetmore told 
me that the owls nest in the small tower at 
the northwest corner of our building. From 
my chair I can see one of the owls’ doorways 
—an open quatrefoil above a pair of narrow 
windows. One time the quatrefoils were 
screened without Dr. Wetmore’s knowledge. 
Upon learning that the owls had been dis- 
possessed, Dr. Wetmore ordered the screens 
removed. The birds soon returned to their 
rent-free home and, we suppose, have lived 
there happily ever since. 

Another friend who enjoyed the owls ad- 
ded to his compliments: “Wish you would 
write more about your general philosophy of 
things.” It is a temptation that I shall resist 
as long as possible, for the SM already con- 
tains the wisdom of wiser men than I. If I 
should attempt to preach from the Tower, I 
fear that I would be taking unfair advantage 
of those who do not have such a pulpit, and 
I might even come to regard myself as an 
oracle. Therefore I would rather risk the 
faults of triviality than those of profundity. 
Let me leave the latter to the owls. 

Those birds are not the only fauna of the 


Tower. I could tell the story of the recum- 
bent roofers, but perhaps I should confine my 
remarks to the so-called lower forms of life, 
Take the starlings, for instance (and you're 
welcome to them). Fortunately, only a few 
of these birds flutter about our windows, 
though myriads roost on the ledges of the 
Archives Building across the Mall. Could 
it be that our owls are protecting us from 
these desecraters of monumental buildings? 
Dr. Wetmore says that starlings are their 
principal prey in winter. 

We have no “Archie” to criticize us. He 
and a few of his fellow-cockroaches live in 
the basement of the Smithsonian, where he 
has assisted Dr. Earl S. Johnston as a subject 
for tests of a sensitive method for the de 
termination of minute quantities of carbon 
dioxide. After taking many deep breathis 
for Dr. Johnston, Archie has returned to his 
friends and relations, none the worse, we 
hope, for his exhausting experiences. 

In referring so familiarly to insects I hope 
that I have not offended one of our readers, 
an engineer, who wrote that he wanted the 
SM, provided we would not publish any 
more pictures of bugs. An _ entomologist 
tends to forget that cockroaches are almost 
as repellent as snakes to many people. Per- 
haps it is safe to write about an insect not 
so well-known. 

One night this winter, while my wife was 
reading, a hemipterous bug about a centi- 
meter in length walked slowly across her 
book. This insect was garbed in searlet and 
black, the colors of my first college, Haver- 
ford. It seemed bewildered on the printed 
page, so I gently brushed it aside, explaining 
that it was harmless—only a box-elder bug 
seeking shelter for the winter. For weeks 
we saw one bug every night ana liked to 
think of it as the same individual, whom we 
salled Elmer. He was a friendly fellow but 
finally he took advantage of our tolerance, 
for he ealled in “his sisters and his cousins, 
whom he reckons by the dozens,” and we had 


to take steps to curb the invasion arising 


from the cellar. F. L. CAMPBELL 
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